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DsDa.rtment  of  A,4:ri culture: 


Not  for  Publication 


This  pool  of  information  on  the  results  of  codling  moth 
research  for  the  season  of  1940  is  the  eighth  of  a  series  of 
summaries  prepared  annually  "by  the  Bureau  of  Entomology  and 
Plant  ^'^URrantine,  U.  S.  .Department  of  Agriculture,  at  the  request 
of  the  Committee  on  the  Codling  i'oth  of  the  American  Association 
of  Economic  Entomologists...   This  pool  is  prepared  for  the  con- 
fidential information  of  workers  who  are  interested  in  the 
codling  moth  prohlem.    The  material  is  not  for  publication  and 
is  therefore  not  available  for  quotation  or  other  use  without 
specific  permission  from  the  agency  which  has  furnished  it. 


(l!Tot  for  Publication) 
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ASKaivTSAS 

Dvright  Isely,  Arkansas  ^-gricultural  Experiment  Station,  ?a;:-ette\'-ille 

Codling  moth  control  in  northwestern  Arkansas  presented  an  unusual- 
ly difficult  problem  in  1940.    The  most  important  factor  -Drobably  was  that 
a  late  spring  frost  destroyed  a  Dart  of  the  crop,  making  the  set  of  fr^ait 
very  uneven  in  most  orchards.     Since  late  frosts  had  occurred  for  three 
years  in  succession,  and  there  were  other  causes  of  discouragement  many 
orchards  were  unsprayed  or  received  only  a  part  of  the  regular  spraying 
schedule.     -his  made  the  problem  of  control  very  difficult  for  growers 
whose  orchards  were  adjacent  to  others  which  were  neglected.     The  climatic 
conditions  themselves  were  not  unusually'  favorable  to  the  codling  moth. 
In  contrast  to  the  t^-^o  previous  seasons  there  were  heavy  rains  in  July 
and  August . 

Spraying  experiments  for  codling  moth  control  v/ere  carried  on  in 
a  block  of  apples  of  the  variety  G-olden  Delicious.     The  trees  chosen  were 
relatively  uniform  in  size,  and  as  far  as  possible  in  set  of  fruit.  The 
orchard  in  which  this  block  ^-ras  locateci  had  been  in  continuous  bearing 
for  the  past  10  years.     Sven  in  1936  and  1938,  ^''ears  of  general  frosts, 
when  the  crop  in  miOst  orchards  was  destroyed,  this  orchard  bore  commercial 
crops,    i^is  a  result  the  codling  moth  infestation  was  well  established  and 
evenly  distributed. 

Adjacent  orchards  also  affected  the  problem.     On  the  west  was  an 
unspra:>^ed  orchard  of  about  four  acres.    Practically  all  of  the  fruit  on 
this  orchard  drop:Ded  by  September  1.     On  the  south,  within  an  eighth  mile 
was  a  SO  acre  orchard  which  received  a  calyx  and  three  cover  sprays. 
Migrations  of  moths  from  both  these  orchards  increased  the  infestation. 

Spra::"-s  for  codling  moth  control  v^ere  applied  on  the  experimental 
trees  according  to  the  following  schedule:     Calyx  spra:f,  Kay  3;  cover 
spra:.''s  for  the  first  generation,  i-iay  13,  Kay  28  and  June  &;  cover  sprays 
for  the  second  and  following  generations,  July  3,  July  24,  August  7  and 
August  21. 

ii-rsenate  of  lead  was  used  in  all  the  first  five  sTDray  ap'olications 
on  all  trees  in  the  block  and  all  these  applications  were  made  b^^  the 
grower.     One  and  one-half  pounds  to  fifty  gallons  of  sDray  mixture  vrere 
used  in  the  first  three  applications  while  t<^'0  pounds  to  fift^"-  gallons 
were  used  in  the  fourth  and  fifth  applications. 

~he  materials  used  to  each  fifty  gallons  in  the  various  plots  in 
the  last  three  ap-nlicati ons  were  as  follo'-'s:     Plot  1,  arsenate  of  lead 
1  1/2  pounds;  plot  2,  arsenate  of  lead  1  1/2  pounds  plus  4  ounces  of  soy- 
bean flour;  plot  3,  phenothiazine  1  l/2  pounds;  plot  4,  3/8  gallons 
nicotine  in  oil;  plot  5,  one  pound  of  genicide  with  sticker;  plot  6, 
arsenate  of  lead  1  1/2  pounds  in  two  applications  with  the  last  application 


omitted.  The  Department  of  Ent-omologv  assumed  responsi"bility  for  making 
the  last  three  applications, 

Obvio-Jisly  these  experiments  were  intended  to  show  the  relative 
Value  of  mf'.terials  v;hich  could  he  substituted  to  arsenate  of  lead  in  the 
sum.aer  spray  applications.     No  substitutions  early  in  the  season  were 
considered. 

OThe  harvest  counts  are  shown  in  the  accorapanying  table. 

'  '  Summary  shov/ing  loercentage  of  v/orray  apples  and 

extra  worms  in  sprayed  blocks.  1940 


Plot  Percent  of  Satio  of  extra 


, Number 

"'/ormy  Apples 

!^orms  to  100 
Apples 

65.9 

47.9 

.78.2 

72.4 

77.0 

64.8. 

■  A 

.   .  50.0 

24.5 

5 

50.3 

18.3 

6 

58.8 

64.4 

^CALI^0^il^IA      ..  .    ...     _  , 

, A.  S..  Borden,  University  of  California,  Berkeley. 

I.-  ■  Seasonal  abundance. 

Pollowing  a  comparatively  cool  summer,  the  attack  of  codling  moth 
was  verv  li^ht.  First  brood  population  studies  indicate  the  lowest  moth 
activity  since  1938. 

Ill,    Hesult s  of  control  experiments . 

A.     Control  by  insecticides 

(l)    Lead  arsenate 

A  comprehensive  experiment  i»ras  set  up  to  determine  the 
more  important  factors  involved  in  filling  the  calyx  cups  of 
Sartlett  pears  to  prevent  second  brood  larvae  from  entering 
through  the  calyx  end  of  the  fruit.     The  variables  of  pressure 
volume  and  t^^De  of  discharge  were  considered  and  three  values 
given  to  each  variable.    Lead  arsenate  'dthout  wetting  agent 


-  5  - 


was  used  in  the  first  part  of  the  experiment  consisting  of  104 
trees  and  lead-arsenate  with  three  t^y'pes  of  comiaercial  wetting 
agents  was  era-olo''"ed  in  the  second  part  of  the  experiment  con- 
sisting of  52  trees. 

i^nalyses  of  the  calyx  cups  of  40  fruit  per  tree  were  made 
after  each  of  the  first  two  applications  and  observations  made 
on  the  distribution  of  arsenical  within  the  cup.    Following  two 
cover  sprays  the  frij.it  of  each  four-tree  plot  was  scored  for 
worm  injury  in  the  cal'^'x  and  the  relation  of  each  set  of  varia- 
bles was  determined. 

Briefly  smnnarizing  the  results,  we  found  that  increased 
volume  lovr  pressures,  and  the  discharge  from  either  the  bajnboo 
rod  or  short  gun  gave  the  maximum  calyx  deposits  and  worm  con- 
trol.   Protein  ti'noe  spreaders  gave  the  highest  deposits  and 
control  in  the  spreader  test. 

(a)    Though  t?noe  and  amount  of  arsenical  deposits  have 
greatly  improved  by  the  new  commercial  "invert"  spreaders 
used  in  this  State  the  past  two  seasons,  much  difficulty 
was  experienced  from  the  effect  of  "hard"  water  used  in 
spraying.    Much  of  the  vrater  used  is  pumped  from  wells 
and  the  total  alkalinitj^  may  vary  from  300  to  720  p.p.m. 
This  has  been  shovm  to  not  only  reduce  deposits  but  also 
destroy  film  coverage, 

(4)  (a)  Nicotine  bentonite  (formula  155)  with  oil  emulsion 
properly  timed  has  proven  quite  effective  in  control  of 
light  second  brood  attacks  on  both  late  apAes  and  oears. 

■      ■  (c)    Rgnclomized  plots  in  late  apple  orchards  of  several 

varieties  have  shown  Xanthone  at  a  dosage  of  3  pounds 
per  100  gallons  to  be  as  good  as  four  pounds  of  lead 
arsenate  '--hen  used  against  secoiid  brood  attack.  No 
injury  occurred  on  Xanthone  sprayed  trees  whereas 
arsenica.l  sPrayed  trees  showed  the  customary  foliage 
injur^'-  in  the  near  coastal  areas.    A  two-pound  dosage 
of  Xanthone  on  Delicious  ap-^les  in  second  brood  control 
gave  39%  clean  fruit  as  coxupared  with  95"  clean  fruit 
used  standard  lead  arsenate.    A  specially  prepared 
spreader  (G-X- spreader)  was  employed,  wherever  Xanthone 
was  used, 

(d)  Cryolite  with  oil  emulsion  continues  to  show  promise 
for  second  brood  control.  "Hard"  water  seriousl'''  affects 
the  deposit  of  this  material. 

B.     Control  by  means  other  than  spraying 

Banding  and  light  trap  investi2:ations  temporarily  discontinued. 


-  6- 


I?.     Spray  residue 

No  serious  difficult^''  w.ith  spray  residue  removal  ^dth  up  to  l-l/S?^ 
acid  TDa,th  and  occasional  use  of  heat. 


COLOHADO         ■  • 

"  ■        H.  Newton,  Bureau  of  Plant  and  Insect  Control,  Paonia. 

(See  attached  statement) 


C0NI^3C?ICUT 

Philip  G-arman,  Connecticut  Agricultural  Experiment  Station, 
New  Haven, 

I.     Seasonal  condition  and  abundance  of  the  insect  during  the  1940  season. 

*   Thfe  codling  moth  for  the  first  time  in  many  years  "became  a  problem 
in  at  le  !st  one  large  com  \ercial  orchard  in  Connecticut.     The  infestation 
occurred  on  relatively  high  ground  in  a"  block  of  l^clntosh.     Several  acres 
v/ere  so  badly  infested  that  the  ov/ner  put ,  in  a  thinning  crew;  and  removed 
all  fruit.     Inspection  during  early  ^xugust  showed  that  the  infestation 
was  near  a^oacking  shed  filled  ^-'ith,  orchard  crates,  but  alongside  the  shed 
was  a  pile  of  cord  vrood,  mainly  trunks  of  apple  trees  removed  from  the 
same  orchard.    The  pvrner  scraped,  banded, and  dus.ted  the.trfees  on  discover^* 
of  the  fruit  damage.    The  orchard  crat.e  situation  will ,  be  taken  care  of  in 
1941. 

It  is  evident  that  the  codling  moth  increased  over  the  entire  orchard 
mentioned  as  well  as  other  points  in  the  State.    Por  exajmole,  check  trees  in 
the  Ejqperiment  Station  Orchard  at  h'ount  Carmel  showed  29  percent  infested 
fruit,  which  is  higher  than  usual.   

The  reasons  for  the  general  increase  noted  mav  be  the  high  summer 
temperatares  that  have  occurred  in  Connecticut  during  the  last  10  years. 
However,  in  the  severe  outbreak,  omission  of  early  cover  sprays  had  a 
direct  influence  as  well  as  the  possible  concentration  of  moths  by  storage 
of  crates  find  accumulation  of  cordvrood  with  rough  bark. 
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,    L.  A,  Stearns,  Dela^-zare  Agricultural  ^Ibcperiment  Station,  Newark. 

I .  Seasonal  conditions  and  codling;  moth  al3^and anc e  during  the  1940  season 

In  manj'"  Dela'mre  orchards,  there  '-/as  a  large  codlin-2:  moth  population 
at  the  close  of  the  1939  season.     It  vas  expected,  therefore,  that  the  con- 
trol x^rohlem  would  be  rather  acute  in  1940.    Ho'-'ever,  on  account  of  the  late 
spring,  the  first,  spring-hrood  moths  did  not  emerge  until  I-iay  15.     This  is 
exactlj'"  one  vreek  later  than  the  latest  first  emergence  recorded  during  the 
ten  preceding  years.    Although  maximum  emergence  and  50  percent  emergence 
occurred  at  about  the  usual  da.te  (l^-'ay  22-23),  the  total  emergence  period 
covered  but  33  da3'"s  as  compared  with  an  average  of  45  days  for  the  years 
1930  to  1939,  inclusive. 

"his  fact,  and  weather  conditions,  generally  unfavorable  for  codling 
moth  activity,  facilitated  control  of  the  first  brood.     Injury  by  the  first- 
brood  worms  was  very  light,  especially  in  plantings  which  received  the  full 
number  (4)  of  cover  sprays  recommended.    For  the  State  as  a  whole,  the 
amount  of  stings  toward  the  end  of  June  was  the  least  ever  observed  at  that 
time  for  more  than  ten  years.     Second-brood  attack,  on  the  other  hand, 
which  v/as  delayed  until  late  August,  was  sufficiently  severe  so  that  a 
moderate  to  heav^/  infestation  was  experienced  in  certain  sections  by  harvest 
time.    The  wintering  population .  ^'ras,  however,  considerable'-  less  than  in  the 
fall  of  1939.  .  "  .  . 

II.  Studies  on  codlina:  moth  biology  or  behavior 

^-lo  special  studi.es  .were  made,  aside  from  the  periodical  observ^-tions 
on  seasonal  development  summarized  above,  -which  were  necessary  for  the 
satisfactory  conduct  of  spraying  experiments. 

III.  Results  of  control  experiments 

In  the  repor:  for  193S,  data  '"ere  presented  showing  that  insoluble 
copper  compounds,  when  combined  with  lead  arsenate,  were  markedly  inferior 
to  Bordeaux-lead  arsenate  for  codling  moth  control.  '  It  '"as  "Dointed  out 
that  the  lower  efficiency  of  these  !:)roducts  is.  undoubtedly  due  to  the  s"oray. 
mixtures  of  such  compounds,  v^hich  are  unable  to  produce  the  necessary  high 
deposits  of  copper  and  arsenic  on  foliage, and,  fruit. 

"urther  results  substantiating  these  data  were  i^resented  in  the  1939 
report,     Moreover,  it  had  been  found  possible  to  increase  the'ajnount  of 
clean  fruit  approximately  5  percent  by  the  addition  of  a  "spreader  and 
sticker"  in  each  of . the  applications  in  which  insoluble  coppers  were  used 
and       as  much  as  10  percent  of  the  inclusion  of  sum;~ier  oil  in  the  same 
applications.     In  neither  case,  however,  did  the  degree  of  control  eo;ual 
that  obtained  with  lead  arsenate-Bordeaux  (3-3-5-lOC). 
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Continued  experimental  spraying  of  Jonathan  and  Stayman  apples 
during  the  -past  s'eason  (1940)  indicates  that  the  three,  lead  arsenate-Bordeaux 
combinatibns  (  3-34-5- lOG,  .3-2-4-100  and  3-1-3-100)  ^^ere  ahout  equall:?-  effect- 
ive for  codliag  moth  control.     Of  these,  lead  arsenate-Bordeaux  (3-2-4-100) 
iS:  :prpbaM3''i  the.  mp.st  :sati  cover  spra:;  for  apples  ujider  Delav/are 

conditions,  when  considered  from  the  standpoints  of  general  insecticidal 
and  fungicidal  efficiency,  arsenical  correction  and  finish  of  the  harvested 
fruit.    This  conclusion  is  based  on  the . extensive  work  of  the  past  three 
years,  ■ 

IV.     Siora:;''  residue 

■  I'io  further  information,  available. 


GSOROIA 

C.  H.  Alden,  ?ruit  Pest  and  Parasite  Laboratory  of  the  Georgia 
Department  of  Entomology,  Cornelia. 

^ •     Seasonal  condition's  and  abundance  of  the .  insect;  during  the  1940  season . 

The  preceding  winter  was  except.ionall:;"  cold  for  this  state.  A 
lovr  temperature  of  3  degrees       below  zero  was  recorded  in  the  north- 
east Georgia  section  and  15  degrees  7,  below  zero  in  the  northwest 
Georgia  section  in  January  of  1940.    However,  the,  cold;  was  more,  or  less,  • 
continuous  and  did  not  result  in  a  h^.vy  mortality' of  tHe  hibernating 
codling'  moth  larvae  as  might  have  been  expected.    -T^her^e  v/as-  a  large 
emergence  of  'spring  brood  moths  and  more  codling  inoth,Sr,  we  re  caught  daily 
in  the  bait  pots  than  for  the  past  several  years.    As  a, result  of  high 
codling  moth  -oopulation  and  a  sub-normal  crop,  the  apples  were  very  wormy 
at  harvest.  , ...  _  ..  ■  •   ., . 

2.  '    No  studies  made  on  codling  moth  biologj?-  or  behavior,,-.  .. ); 

3.  Hesults  of  control  experiments  :,(■.,■  ■.  .■ 

(a)  Control  by  insecticides  '    -  . 

Lead  arsenate  -  This  v/as  the  standard  lead  arsenate  suiumer 
oil  and  bordeaux  mixture  sprays  and  the  results  at  harvest  were  as  follows: 
34, 5p  wormy,  31, if^  stung,  29.3^^  extra  stung  and  43.5^^  sound.  .  •  ■ 

Organic  materials  -  This  was  the  nicotine-bentoni te-soj^  bean 
oil  for  the  first  three  applications,  starting  with  the  first  cover,  fol- 
lowed b"  lead  arsenate  and  bordeaux  mixture  for  four  more  covers;  the 
results  at  harvest  on  Delicious  vrere  as  follows:  15.8"^  wormy,  8,9^7  stujig, 
4.5;.t  extra  stung,  and  67.1?-  sound, 

(b)  Control  by  means  other  than  spraying. 
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Biological  control  -  About  25,000,000  Trichofframna  minutum 
parasites  were  colonized  in  the  co-Timercial  apple  orchards  in  1940. 
Over  a  ten  ^ear  period', "  more  than  37,000  codling  moth  eggs  were  collected 
in  colonized  orcha^rds  and  of  these  ahoiit  65^^  were  parasitized  T. 
minutum. 

4.     Spray  residue 

As  a  result  of  the  raising  of  the  tolerance  standard,  we  had  no 
trouhle  with  the  Georgia  apples  this  year  where  they  had  "been  properly 
washed  vdth  the  dilute  hydrochloric  acid  hath. 


ILLINOIS 


''J.  P.  Flint,  Illinois  I^Tatural  History  Survey  &  Illinois  Agricultural 
Experiment  Station,  Urhana. 

I.     There  was  a  heavy  winter  carry-over  of  codling  moth,    with  a  high  winter 
survival.     The  time  of  first  "brood  ap'oearpnce  was  ahout  average.  Conditions 
v;ere  somewhat  unfavorable  for  egg-laying  due  to  cool,  wet  weather,  but  better 
than  in  the  s;oring  of  193'9.    The  insect  continued  to  build  \xd  in  abundance 
during  a  very  dry,  hot,  late  summer  and  fall,  and  late  second  and  third  brood 
worms  were  very  numerous."    Large  numbers  of  codling  moth  larvae  have  gone 
into  winter  quarters  in  all  orchard  sections. 

II Imo  special  studies  of  codling  moth  behavior  were  made  during  this 
season.     Light  traos  were  run  at  Urbana,  and  bait  traps  at  several  points 
in  the  state.     Some  t^^'enty  orchardists  cooperated  in  operating  emel'gence 
.cages..     Special  reports  were  also  received  from  cooperatin,^  stations  in 
Illinois  and  other  states. 

: III .    A.     Codling  moth  experiments  were  carried  on  mainly  in  west-central 
Illinois,   testing  various  combinations  of  nicotine  and  the  feasibility  of 
carrying  on  a  nicotine  schedule  where  the  calyx  and  first  cover  were  lead 
arsenate  and  all  later  sprays  either  tank-mixed  or  fixed  nicotine.  The 
results  of  these  tests  are  given  in  the  follovdng  table. 

Plot 

No^      Materials  Used  ver  100  G-allons 


1         liodified  B.L.155,  8  lbs.,  soy  oil  1  "oint  in  1st 

brood,  Superla  l/2  gal.  in  2nd.  8.2  6.4 


Percent  of  Fruit 
Entered.  Stung 


2  I^odified  B.L.155, 7  lbs.,  soy  oil  2nd  cover,  then 

Superla  6.6  3.3 

3  3.L.155  Concentrate  3  lbs.,  bentonite  1  lb.,  soy 

oil  1  pint  9.1  8.1 
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4  Lead  arsenate,  weak  Bordeaux,  except  last  spray, 

Superla  from  3rd  cover  on,  B.L.155  with  Superla  used 

in  last  (Sept.)  applicatdon  1.4  8.0 

5  3.L.155  Concentrate  3  lbs.,  "bentonite  1  lb.,  ^oy  oil 

1  pint  for  2nd  cover 

3.L.155  Concentrate  1  l/s  lbs.,  Superla  8  qts.  later  10.9  5.2 

6  Regular  B.L.155  8  lbs.,  with  soy  oil  1  pt.  for  2 

cover  and  then  Regular  3,L.155  4  lbs,,  Superla 

2  qts.  later  6.2  6.4 

In  southvrest  central  Illinois  another  year's  tests  were  carried 
on  with  triple  sprays.     These  were  carried  on  in  a  large  orchard  (over 
600  acres),    '.fhile  our  plots  were  large,  about  ten  acres  in  extent, 
they  were  probably  not  large  enough  to  prevent  the  influence  from  the 
rest  of  the  orchard.    Under  these  conditions  the  triple  spray  failed 
to  give  satisfactory  control.    This  is  shovm  in  the  following  table. 

Harvest  Counts 

Plot  Percent  of  7ruit 

No.      Description  of  Plot  Entered       S tung 

1  Standard  Lead  Arsenate  4.7  8.4 

2  Triple  Spray  Lead  Arsenate  9.2  11.2 

3  Triple  Spray  Fixed  Nicotine  26.6  2.6 

Tests  of  the  possibility  of  substituting  some  spreader  or  sticker., 
in  place  of  summer  oil  again  gave. good  results  as  shown  in  the  following 
table.  ■  ■ 

Plot  Percent  of  Fruit  on  Tree 

No.      Treatment  Sntered  Stung 

1  Lead  arsenate-Santomerse  D  ^3.0  ,30.5 

2  ■    Lead  arsenate-'feak,  Bordeaux- Summer  oil  4,9  31.2 


?ery  little  injury  to  foliage  occurred  in  1940.    Analyses  of 
apples  in  bur  plots  in  growers'  orchards  showed  that  the  present 
tolerances  could  be  met  in  practically  all  cases  on  fall  and  winter 
apples  where  a  calyx  and  two  cover  sprays  of  lead  arsenate  were  applied. 
If  a  third  cover  was  applied,  the  residue  was  likely  to  be  above  the 
tolerance.    Here,  as  in  all  cases,  the  thoroughness  with  which  the 
growers  aoplied  the  sprays  malces  a  great  cTe^l  of  difference  in  the  amount 
of  residue  as  well  as  in  control. 

(2)  No  tests  wej/e  run  with  non-lead  a^rsenicals. 

(3)  No  tests  were  run  with  other  inorganic  materials. 
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(4)    As  alcove  stated,   tests  ^dth  fixed  nicotine  ^-rere  carried 
out.     iJo  other  organic  materials  v/ere  tested, 

3.     (l)    1^0  experimental  work  was  done  with  "bands,  though  bands 
v;ere  used  in  a  num'ber  of  orchards. 

(2)  Iv'o  tests  were  carried  on  ^-dth  baits  or  lights. 

(3)  No  special  work  along  this  line  '-ras  done.  Experimental 
orchards  where  checks  ha^ve  been  made  for  the  last  three  vears  and  where 

no  spraying  has  ever  been  done  shovjed  better  thaji  60^:  codling  moth  infesta- 
tion in  all  varieties,   including  Huntsmen,  Grimes,  Red  Delicious,  Jonathan. 

IV.     Spray  residue  (as  above  mentioned). 


KMSAS 

Halph  L,  Parker  and  Paul  G-.  Lamerson,  Kansas  Agricultural  3xper  iment 
Station,  Manhattan 

IITTItODUCTIOl-T  l/ 

The  codling  moth  control  program  for  1940  was  limited  to  lead 
arsena.te  combination  spra^rs,  due  to  the  -orevious  lack  of  successful  control 
by  use  of  non-lead  and  non-arsenical  substitutes  for  lead  arsenate.  The 
tests  were  conducted  in  Doniphan  County,  adjacent  to  the  Blair  experimental 
orchard  of  the  Northeast  Kansas  Experiment  Fields,  Kansas  Agricultural 
Experiment  Station.  2/ 


Iv^STHODS  ANT)  Pl-IOCSDUSE 


Three  single  tree  replicates  v/ere  used  for  each  insecticide  or 
combination  of  in.^tcticides  used.     The  replicates  v/ere  selected  at  random 
in  three  rov/s  in  i;]':e  experimental  orchard.     The  total  count  of  all  dropped 
v/ormy  and  clean  fruit  beneath  each  of  the  test  t  rees  .was  begun  July  9,  and 
continued  until  September  4,  when  the  preharvest  drop  began.  Percentages 
dealing  with  codling  moth  injury  v^ere  computed  on  the  basis  of  250  pre- 
harvest drops  and  250  harvest  time  fruits  per  tree.     The  counted  fruit  was 
placed  in  the  classifications  wormy,  stung  and  clean.    Fruits  both  wormj'' 
and  stung  were  scored  as  v/ormy  and  the  sting  disregarded.    Multiple  stings 
per  individual  fruit  were  disregarded  for  percentage  records;  the  fruit 
was  listed  as  stung. 


1/  Contribution  No.  496  from  the  Department  of  Entomology. 

2/  The  supTDort  of  the  experimental  vfork  reported  in  this  paper  came  f 
the  following  projects:  Hatch  No.  13  and  Northeast  Kansas  Experiment 
Eields  No.  9.    Mr.  Donald  Yost  assisted  ^'ith  the  work. 


rom 
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Lead  arsenate  at  the  rate  of  4  pounds  to  100  gallons  of  water  was 
applied  in  the  calyx  spray  to  all  test  trees.    Two  lime  sulphur  sprays 
were  applied  to  all  trees  in  the  test  area.    The  use  of  stickers  and 
spreaders  ^^ras  postponed  imtil  the  third  cover  spray  for  the  first  hrood 
due  to  possible  foliage  injury  following  the  application  of  lime  sulphur 
sorays.     The  use  of  summer  oil  emulsions  in  combination  sprays  was  dis- 
continued Julj''  18.    A  late  cover  spray  to  protect  fruit  against  injury 
caused  by  late  hatched  ^''orms  of  the  third  generation  was  apolied  September  7. 
This  final  cover  spray  was  composed  of  lead  arsenate  4  pounds  to  100  gallons 
of  water  and  was  applied  to  all  trees  in  the  test  area.    A  total  of  nine 
cover  sprays  was  applied  to  the  test  trees  during  the  season  of  1940. 

CLir^lA-TIC  C0iviDITI0"S  AKD  SPPAY  INJURY  TO  FOLIAC-E 

The  spray  season  of  1940  was  characterized  by  moderate  to  severe 
spray  injury  to  foliage  of  the  Jonathan  variety  wherever  adequate  safeners 
for  lead  arsenate  were  not  used,     Sven  lead  arsenate  alone  plus  water  gave 
severe  arsenical  burn  to  Jonathan  foliage,    '"^eak  Bordeaux  (3/4  pound  copper 
sulfate  plus  1  l/S  pounds  of  hydrated  lime  to  100  gallons  of  water)  appeared 
to  give  adequate  protection  to  foliage  from  arsenical  burn.     Zinc  sulfate 
at  the  rate  of  l/4  pound  to  100  gallons  of  crater  gave  nearly  as  good 
protection. 

A  drouth  interval  occurred  between  July  15  to  August  7,  Temperatures 
were  above  normal  and  ranging  from  90°  to  107°F.     This  drouth  interval  was 
followed  by  about  10  days  of  light  showers.    Rain  fell  on  almost  every  day 
during  this  latter  interval. 

iH'oliage  injury  (arsenical  burn)  begah  to  be  apparent  about  August  17. 
From  then  until  harvest,  September  15  to  18,  folage  turned  brown  and  fell 
from  the  trees  in  the  test  area.    Defoliation  was  33  l/3  to  50  percent 
complete  by  August  22.  ■  . 

This  defoliation  was  apparent  on  all  replicates  included  in  the 
test  areas  except  the  lead  arsenate  zinc  sulfate  sprayed  trees.  ''Vhile 
mild  folia-^e  arsenical  burn  was  prevalent  on  trees  in  this  plot  most  of 
the  folia;^;e  remained  on  the  trees.     The  comparison  was  outstanding  between 
the  lead  arsenate-zinc  sulfate  block  and  the  other  treatments  where  no 
safener  was  used. 

■  SSASO^TAL  CONDITIOl'S  AiO  CODLING-  MOTH  ABUITOAJCE  FOR  1940 

Overwintering  brood.    Moths  began  emerging  May  13  but  because  of 
cool  weather  during  the  next  two  vreeks  catches  of  moths  were  erratic  and 
strag£-ling.    Heavy  catches  were  recorded  between  May  31  and  June  7  with 
a  pealc  of  305  moths  in  10  traps  occurring  on  June  3. 

First  brood.     The  first  worm  entries  were  noted  Jujie  4.    A  heavy 
hatch  occurred  betvreen  June  8  and  12.    Many  stings  but  few  successful  entries 
were  noted  during  this  period.    After  May  37  damage  by  the  first  brood  was 
steady  and  continuous  throughout  its  duration.     More  stings  resulted  from 
first-brood  injury  to  fruit  than  has  b^en  noted  for  several  seasons. 
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Second  "brood.     Adults  from  the  first  brood  "becajne  evident  in  the 
bait  - traps  Jul^r  10.     1-ioths  began  to  be  evident  in  the  emergence  cages 
July  14.    By  Jul^  13  emergence  ^^as  veil  under  vay  and  on  Jul^  24  a  hatch 
of  second-brood  eggs  ^'/as  noted.     Catches  of  moths  began  to  diminish  to  some 
degree  f  ollov;ing  heav^''  catches  during  the  interval  of  July  22  to  July  29, 
Insect  dama-ge  to  fruit  during  the  drouth  and  high  temperature  interval  of 
July  15  to  August  7  vras  slight,    Zraergence  of  this  brood  extended  from 
about  July  10  to  September  1.    This  is  at  best  a  mere  estimate  since  the 
overlapping  of  broods  occurred  during  the  season  of  1940,    Damage  to  fruit 
by  second-brood  worms  was  the  lightest  experienced  for  several  7'"ears.  The 
bulk  of  the  damage  to  Doniphan  County  fruit  ^^as  caused  by  first-brood  worms. 
The  proportion  of  stung  fruit  was  high  due  to  the  heavy  carryover  of  i-rorms 
during  the  season  of  1939. 

Third  brood.     Late  fall  injury  to  fmit  during  the  season  of  1940 
was  slight.     Very  cool  weather  during  late  August  and  early  September  ke-ot 
the  developmental  progress  of  codling  moth,  during  this  interval,  at  a 
minimum.     The  value  of  the  late  spray  applied  September  7  to  the  codling 
moth  test  plots  resulted  in  little  additional  v/orm  control  during  the  1940 
season.     There  was  at  best  a  small  partial  third  brood  of  codling  m.oth  during 
the  season  of  1940  and  the  existence  of  this  partial  third  brood  could  be 
questioned  since  there  was  much  overlapping  of  broods  during  the  season, 

■   ,  i-:atshials  ai:d  dosages 

The  insecticide  tests  for  control  of  codling  moth  in  1940  were 
restricted  to  the  materials  and  dosages  listed  in  Table  I. 

TA3LS  I 

KILIDS  AiTD  Q,UAi^TIvIl]S  OF  Il-TSECTICIDSS  USD  PExl  100  G^xLLONS 

OF  SPEr.Y  I-.IXTUIiE 


Treatment 

Lea,d  arsenate  4  pounds 

Lead  arsenate  4  pounds  plus  zinc  sulfate  (ZnSO^)  l/4  pound 
plus  Orthol  K  Heady  Mix  oil  1  quart 

Lead  arsenate  4  x^ounds  plus  Orthol  K  Heady  Mix  oil  1  qua.rt 

Lead  arsenate  4  pounds  plus  Spraysoy  A  l/l6  pound 

Lead  arsenate  4  pounds  plus  Spravsoy  A  l/S  pound 

Lep.d  arsenate  4  pouncs  plus  Spraysoy  A  l/4  pound 

Lead  e.rsenate  4  pounds  plus  crude  so^iDean  flour  l/4  -pound 


.    A  cooperative  arrangement  with  the  Doniphan  Coiinty,  Jalrm  Bureau 
enabled  the,  eii^tomolQgieal  staff  of  the  Northeast'  Kansas  Experiment  fields 
to  sup-ol7  the  growers  with  spray  dates  based,  on  information  obtained  from 
a  series  of  codling  moth  bait  traps  and  emergence  cages,    '.'eather  conditions 
and  periods  of  ovippsition  were  also,  considered  in  the'  selection  of  spray 
dates.     Each  coope;rator  was  furnished  a  weekl;;-  summary  of  codling  moth 
catches  listed  for  each  day  of  the  preceding  week.     The  codling  moth  spray 
schedule  for  the  season  of  1940  at  the  Blair  experimental  orchard  ^'"as  as 
follows:     Calyx,  May  10;  first  cover,  May  23;   second  cover,  June  5;  third 
cover,  June  13;  fourth  cover,  June  24;  fifth  cover,  July  12;   sixth  cover, 
July  18;  seventh  cover,  July  31;  eighth  cover,  August  19;  and  ninth  cover, 
Seotember  7,  . 

At  harvest  time  samples  of  apples  from  all  plots  v/ere  washed  in 
a  commercial  washer  by  a  packing  and  marketing  company. 

HE SUITS  ■ 

Data  secured  from  the  various  insecticide  tests  for  control  of 
codlin^  moth  in  the  Blair  experimental  orcharc'  at  Blair,  are  recorded 
in  the  following  tables. 

TABLE  II 


SWil^Ixi-v:  or  SUiVIMEIt-D.ROPPED  APPLE  COMTS  JULY  9  a^TD  22,  aUC-.  5,  20  ^H^T)  29,  1940 

.    AND  PERCEl^TT^iG-S  OF  "TOitiY,  STUIJG  Al^D  CLEAI^  ' 


•  Total 

Percent  of 

f  rui  t 

Treatment 
(per  100  gallons) 

]  number 
:  apples 
\    per  plot 

V/o  rmy 

Stung 

Clean 

Leac  arsenate  4  lbs.,  Orthol  K 
Heac^y  Mix  oil  1  qt. 

i  367 

11.5 

77.9 

Lead  arsenate  4  lbs.  alone 

....  296 

4.7 

19.6 

75.7 

Lead  arsenate  4  lbs.' 
Spraysoy  A  4  oz. 

:  591 

7.4 

17.5 

75.1 

Lead  arsenate  4  lbs.,  Orthol  E 
Heady  Mix  oil  1  qt.,  zinc 
sulfate  4  oz. 

291 

5.2 

22.3 

71.5 

Lead  arsenate  4  lbs., 
Spraysoy  A  2  oz. 

:  ,  582 

11.4 

18,7 

69. 9 

Lead  arsenate  4  lbs.,  crude 
soybean  flour  4  oz. 

750 

9.9 

25.0 

55.1 

Lead  arsenate  4  lbs., 
Spraysoy  A  1  oz. 

:  444 

17.  S 

22.7  \ 

59.7 

-  15  - 


TABLE  III 


PIQHAHVSST  DROPPED  APPLE  COUl^ITS  (250  DROPPED  APPLES  PER  TPJIS) 
SEPTEi  .BEP.  4  to  16,  1940,  Ai^HD  PERCEi'TTAC-E  OF  'fORMY,   STUITG  AND  CLEj.lI  APPLES 


Insecticide  Treatment 
in  100  gallons  of 
water 


Lead  Arsenate-  4  ITds.,  Orthol  K 
Read^^  Kix  oil  1  qt. 

Lead  ^j.rsenate  4  lbs. 

Lead  arsenate  4  l"bs. ,  .  \  . 
Siora^soy  A  4  oz. 

Lead  Arsenate  4  ITds.,  Orthol  K 
Readj^  I-."ix  oil,  zinc  sulfate 
(ZnSO^)    4  oz. 

Lead  Arsenate  4  lbs,,  Crude 
Soybean  Plour  4  oz. 

Lead  Arsenate  4  lbs, , 
Spray  soy  A  2  oz. 

Lfead  Arsenate  4  lbs,, 
Spraysoy  A  1  oz. 


Total 
number 

app  1  e  s 
per  -plot: 


750 
750 

755 

750 
740 
750 
750 


Percent  of  fruit 


ifo  rmy 


1.33 


1.07 


2.12 


1.20 


,94 


2.0 


Stung 


10.53 


13.20 


16.82 


19.33 


22.03 


22.0 


2.67    '  24.53 


Clean 


88.14 


85.13 


31.06 


79.47 


77.03 


76,0 


72.80 
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TA3LB  17 


HAHT5-ST  COUNT  (250  PICKED  APPLES  PE?.  TREE)  SEPTEMBER  16  to  18,  1940, 
Am  PERCSITTAC'E  OF  ^/OmiY,  STU1^&  AI^  CLEAN  APPLES 


\  Total 

Pe 

rcent  of 

f  rui  t 

Insecticide  Treatment 

in  100  gallons  of 
v;ater 

number 

:  apples 
,'    per  plot 

:  ''/or my 

:  Stung 

;  Clean 

Lead  Arsenate  4  lbs, ,  Orthol  K 
Ready  Mix  oil  1  qt. 

i  750 

;  0.8 

:  12.0 

•:  87.2 

Lead  Arsenate  4  lbs. 

:  750 

\  0.57 

:  15,13 

:  83.2 

Lead  Arsenate  4  lbs.,  Orthol  K 
Readj?-  Mix  oil,  zinc  sulfate 
(ZnSO^)  4  oz. 

750 

1.50 

15.87 

82.53 

Lead  Arsenate  4  lbs.,  Crude 
Sor/bean  Elour  4  oz. 

750 

2.40 

17.87 

79.73 

Lea.d  Arsenate  4  lbs., 
Spray  soy  A  4  oz. 

750  . 

1.20 

1^.87 

78.93 

Lead  Arsenate  4  lbs.,  ; 
Sprays oy  A  2  oz.  ■ 

750  : 

1.50  : 

26.40  ; 

72,00 

Lead  Arsenate  4  lbs.,  \ 
.Spraysoy  A  1  oz.  \ 

750  \ 

2.93 

25.07  : 

72,00 
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'-^^       "gENSHAL  OBSERVATIONS    ■  ; 

The  growing  season  of  1940  was  one  of  the  most  favorable  for  the 
production  of  apples  during  the  past  5  years.     Except  for  a  "brief  interval 
during  midsurainer  and  again  during  the  late  fall  ro.ihfall  was  we-11  dis- 
trihuted.     Early  fall  temperatures  v/ere  cool  and  the  fruit  colored  i-rell, 

DISCUSSION 

1.  Lead  arsenate  4  pounds  plus  summer  oil  emulsion  1  quart  to  100 
gallons  of  ^'^ater  gave  the  "best  codling  moth  control  during  the  season  of 
1940.     Better  control  can  he  expected  from  the  above  dosage  in  years 
1-dth  a  fair  distribution  of  rainfall  than  with  lead  arsenate  alone. 

2.  Lead  arsenate  alone  gave  second  best  control  of  all  combinations 
tested.    Possibly  the  reason  for  l^ad  arsenate  alone  ranking  so  high  in 
effective  control  during  the  1940  season  vras  due  to  the  fact  most  of  the 

■'rainfall  came  in  easy  showers  during  the  grovdng  season. 

3.  Lead  arsenate  4  pounds  plus  Spravsoy  A  4  ounces  to  100  gallons 
of  water  gave  third  best  control  of  all  combinations  tested. 

4.  ■ Lead  arsenate  4  pounds  plus  zinc  sulfate  (ZnSO^)  -  4  ounces, 
plus  summer  oil  emulsion  1  quart  to  100  gallons  of  water  ranked  fourth 
of  all  combinations  tested.     This  was  the  only  test  plot  that  held  most 
of  its  foliage  until  after  picking  time.    Heavy  folia^re  loss  due  to 
arsenical  burn  was  characteristic  of  all  other  lead  arsenate  combination 
spray  test  plots  studied.    Even  lead  arsenate  alone  4  pounds  to  100 
gallons  of  water  caused  severe  foliage  burn  on  all  rexolicates. 

5.  Effective  control  of  codling  moth  fell  off  rapidly  when  less 
than  2  ounces  of  Spraysoy  A  was  used  for  each  100  gallons  of  spray. 

6.  The  foliage  injury  of  1940  appears  to  indicate  that  the  use 
of  heavy  dosages  of  lead  arsenate  on  Jonathan  foliage  must  be  used  with 
adequate  safeners, 

7.  Bordeaujc  mixture  (3/4  pound  copper  sulfate  plus  11/2  pounds 
hydrated  lime  to  100  gallons  of  vrater)  appeared  to  give  adequate  pro- 
tection to  Jonathan  foliage  from  lead  arsenate  burn..    Zinc  sulfate  at 
the  ra,te  of  4  ounces  to  100  gallons  of  water  also  gave  some  protection 
to  foliage  from  arsenical  burn. 

8.  Codling  moth  damage  to  fruit  was  outstanding  in  the  nujnber  of 
first-brood  s -tings-  to  fruit  that  resulted  from  the  heavy  carr^^over  of  worms 
from  the  season  of  1939.    These  stings  resulting  from  first-brood  vrorms 
v;ere  so  severe  that  they  viere  apparent  at  harvest  time.    Damage  resulting 
in  off  grade  fruit  resulting  from  stings  was  high  during  the  season  of  1940. 

9.  It  vjould  appe-^r  that  better  provision  for  effective  cleaning 
of  fruit  by  washing  methods  should  be  followed  if  the  heav^/  aioplications 

of  arsenical  sprav  so  necessary  for  controlling  codling  moth  in  Northeastern 
Kansas  become  standard  practice  by  most  groi-^ers.     Commercial  washing  of 
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samples  from  the  spraj'"  test  plots  failed  to  bring  the  fi'uit  within  the 
arsenical  tolerance.     Reasons  for  above  tolerance  readings  can  be  listed 
as  f ollovrs: 

a.  Heavy  foliage  loss  to  trees  in  the  test  plot  4,reas  during  late 
August  resulted  in  failure  of  the  fruit  to  size  up  v/ell. 

b.  He -^vy  deposits  of  lead  arsenate  resulting  from  the  heav^;-  spray- 
program  (9  cover  sprays). 

,c.    The  application  of  one  of  these  cover  sprays  as  late  as 
September  7.. 

d.     The  fruit  washing  machine  used  had  no  facilities  for  heating 
the  acid  wash. 

J-         e,  ,  The  volume  percenta.ge  of  acid  present  in  the  wash  was  low, 
cSi^out'  1  percent,  and  not  the  standard  of  3  -percent  which  is  recommended. 

■  SUMMARY 

Lead  arsenate  4  pounds  plus  summer  oil  emulsion  1  quart  to  100 
gallons  of  water  gave  the  best  codling  moth  control  for  the  season  of 
1940;  lead  arsenate  alone  4  pounds  placed  second;  a,nd  lead  arsenate  4 
pounds  plus,..spraysoy  A  4  ounces  to  100  gallons  of  water  third,  • 

The  severe  foliage  injury  of  1940  appears  to  indicate  that  adequate 
safeners  should  be  used;  with  heavy  dosages  of  lea.d  arsenate,  Bordeaux 
mixture  prevented  excessive  foliage  injury  as  did  zinc  sulfate, 

I'ihen  heaver  dosages  of  lead  arsenate  are  used,  an  effective  washing 
■method,  should  be  carried  out  to  reduce  the  residue  to  that  below  the 
United.  States  Department  of  Agriculture  tolerance. 


K53iI'TUCKY 

A.,  Price,  Kentucky  Agricultural  Experiment  Station,  -Lexington. 

In  spite  of  the  rather  severe  winter  of  1939-1940,  there  '/as  a 
heavy  carry-over  of  codling  moth  in  the  state.    At  Lexington,  it  was 
estimated  that  the  vdnter  mortality  was  around  20  percent.    First  brood 
codling  moth  flight  was  unusually  heavy  thruout  much  of  the  State  but 
most  growers  obtained  fairly  good  control  of  first  and  second  brood 
worms.     In  many  orchards  these  results  were  largely  nullified  by  third 
brood  worms  in  September, 
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The  late  season  daring  the  first  part  of  19'^':0  delayed  codling  moth 
pupation  and  emergence.^  At  Lexington,  the  f irst  ■  pupa _  ^as:, found' April  24. 
i-'ioth  emergence  "began  May  6  at  PaSucah  and  i;ay' 7  at  Princeton,  according  to 
rlr.  Armstrong's  records.     The  firsfmoth  emergence  at  Lexington  was  found 
Kay  19.    At  Lexington,  first  trood  flight  vras  prolonged  extending  from  May 
.19  thru  June,    First  generation  moths  began' emerging  June  25  :at  Paducah 
and  on,  July  14  a  t  .  Lexington. 

No  detailed  control  experiments  were  run.    At  Lexington,  in  the 
old  station  orchard,  ,a  lestd  arsenate  schedule  cons'isting  of  five  first 
"brood  cover  sprays  aiid  three  second  "brood  cover  ^pirays  resulted,  in  con- 
siderable foliage,  in  jury  and  reduction  in  fruit  size.     On  Hed  Delicious 
this  schedule  produced  61.8  percent  clean  fruit.     In  the  new,  station 
orchard,  a  fixed  nice tine- summer  oil  schedule,  consisting  of  five  first 
"brood  cover  sprays,  and  five  later  cover  sprays  resulted  in  80  percent 
clean:  fruit  on^ Delicious  and  94  percent  clean  fruit  on  ¥inesap  with  no 
foliage  injury. 


I-iASSACHU33TTS       '  '  /"  ~ 

A,  I.  Bourne,  Massachusetts  Agricultural  Experiment  Station,  Amherst 

I.  April:     one  of  coldest  periods  for  that  month  on'record  at  this  Station 

Station,     Heaviest  snov/fall  on  xipril  21-22  (4  inches)  on  record 
for  such  a  late  date, 
Maj'":     rainy  and  cold. 

Seasonal  development  of  orchard  trees  a  week  to  10  days  later  than 
normal,  and  continued  cold  vreather  made  progress  of  insect  develop- 
ment slow.     On  the  whole,  codling  moth  development  kept  pace  v/ith 
the  progress  of  trees. 

Over  State  as-  a  vrhole,  codling  moth  appeared  to  be  on  the. increase 
due  in  part  to  favorable  weather  conditions.     G-ro^-rers,  ho'^rever, 
cannot  be  excused  entirely  for  this  condition;  have  been  careless  ; 
in  cleaning  up  conditions  in  orchard: 

Pi"op  poles  -  prunings  -  old  boxes,  broken  picking  baskets, 

and  other  debris. 
Same  true  around  packing  sheds': 

Orchard  boxes  -  pads  -  etc.,  containing  many  cocoons  often 

allowed  to  remain  undisturbed  in  and  around  sheds,^  ^  -  ' 

II.  Bait  pail  records  showed  moth  emergence  from  sheds  and  packing 

houses  la.ter  tha,n  in  orchard.     Therefore  blocks  around  such 
points  have  often  suffered  severely  and  required  ST^ecial  schedule. 

III.  Black  Leaf  155:  on  Mcintosh,  Hhode  Island  G-reening,  Northern  Spy. 
Mcintosh  block: 

Exposed  on  one  side  to  orchard  heavily  infested  vrith  codling 
moth;  on  other  side  to  young  block  vrhich  received  only  lead 
arsenate  schedule. 
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Northern  Spies:  X  solid  blocl: 
■'  '  1  block,  Spies  and  2hode  Island  Greening  alternated. 

Inspectjion  of  fruit  at  harvest  showed: 
Mcintosh:     2  applications  Black  Leaf  155. 

Trees  exposed  to  badly  infested  orchard:  2.1Pr^  fruit  showing  "stings" 

.  .-  Trees  in  center  of  block:  1.09^      "  "  " 

'  1  application  Black  Leaf  155. 

•  ;  Trees  in  center  of  block:  3,07^'  fruit  showing  "stings" 

'      Block  receiving  Lead  Arsenate  Schedue  only:  11.02^  fruit  "  " 

SjC  3(i  SjC  9jC  tjc  dfc  5|c  J|C  5)c  Sft 

Northern  Spy:  Solid  block  -  2  applications  of  Black  Leaf  155 
Marginal  trees  (exposed  as  above):  4.7p  fruit  showing  "stings" 
Trees  in  center  of  block:  2.6;^      "         "  " 

xL,  I,  G-reening  cc  Northern  Spy  alternated  -  2  a^pli.  B.  L.  155 
Northern  Spy  :  1,5^  fruit  showing  "stings" 

Hhode  Island  Greening  :  1.4^      "  "  "    '  " 

IV.     Samples  of  kclntosh  from  the  experimental  orchards  sho^^red  both  lead 
and  arsenic  residues  to  be  vrell  below  the  present  tolerance  require- 
ments, ;  '  ■■- 

Fruit  from  plots  receiving  the  standard  schedule  of  lead  arsenate 
and  liquid  lime- sulfur  in  pre-blossom  and  calyx  applications  and 
lead  arsenate  with  wettable  sulfur  in  4  cover  sprays  showed: 

AsgOg  =    .006  grain  per  pound  and  PbO  =  .011  grain  per  iDound. 

Similar  analyses  of  fruit  from  plots  receiving  lead  arsenate  with 
wettable  sulfur  throughout  the  season  showe.d: 

AsgOg  =  .004  grain  per  pound  and  PbO  =  .011  grain  per  pound. 

Lead  arsenate  was  used  at  4  pounds  in  Calyx,  1st  and  2d  Cover  Spravs; 

at  3  pounds  in  Preblossom  and  3d  Cover  Sprays; 
at  2  pounds-  ii^  4th  Cover  Spray, 

2d  Cover  v/as  ap plied, June  .28;  3d  Covery  July  9;  4th  Cover,  July  22. 

Fruit  was  harvested  September  27  and  28. 

Rainfall  during  August.  ,,^d  September  was.'Very  slight;  less  than 
.    one-half  of  the  normal.'    Even  under  those  conditions  the  margin  . 
of  safety  was,  such  that  artificial  removal  of  residue  would  not  be  ' 
necessary.  '       ■  '  ■. 
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MICHIGAN 

Ray  Hutson,  Hichi§an  Agricultural  E:qperiment  St.-^tion,  East  Lansing. 

I,  The  1940  season  was  characterized  in  Michigan  "by  a  l?^te  ■'•jet  spring 
with  consequently  irregular  emergence  of  first  brood.    Pollowing  this, 
severity  of  infestation,  influenced  "by  heavy  rains  interspersed  with  hot 
spells,  vras  intermittent  and  hard  to  me-et,  hut  losses  were  average  exce-ot 
in  a  few  orchards. _ 

II,  ITo  studies  on  biologj^  or  hehavior,- 

III,  A,     Results  of  Control  Ex-oeriment s. 

Tvro  control  set-ups  were  used: 

>  The  -first  consisted  of  ooservat ions  on  twenty  three  well  sprayed 
orchards  showing  good  control  of  codling  moth  and  consisting  of  Mcintosh, 
Northern  Spy,  Baldwin,  anC.  Steele's  3.ed.  to  determine  the  result  of  spray- 
ing dates  on  residue.  •    •     •  •■ 

Analyses  from  these  orchards  shov/ed: 

1.  i'ive' cases  of  lead  residue  heyond  the  1940  tolerances. 

2.  One  case  of  arsenical  residue  beyond  the  1940  tol- 

erance. 

3.  -.  All  cases  of  excessive  residue  resulted  from  sprays 

applied  after  August  1st. 

,-.  .  /  ,      An  experimental  heavily-infested,  lightl7,^~bearing  set-up)  of 
Mcintosh  was  employed  in  which  the  trees  were  divided  into  three  tree 
plots  and  each  treatment  applied  to  three  randomized  plots  with  random- 
ized check  plots  receiving  onl'^  calyx  and  first  cover  of  lead  arsenate 
for  codling  moth  control.     Spray  treatments  indicated  began  with  the 
second  cover;  second  and  third  covers  at  7  day  interval  from  preceding 
spray,  all  .others  at  10  day  interval.    Treatments  and  results  are 
apparent  from  the  following  tabulations. 
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SPEAY  TE^ATIEKTS  I.ICI1mT0SH-1940.  -  SSTSxT  APPLICATIONS . 

R3ATI.C;1mT  SPEAY  MATHHIALS 

1  4.' lbs.  B.L.  . 155,  2  qts.  oil. 

2  3  ITds,  lead  arsenate. 

3  4  ITds.  I!od.  155,  2  ajs.  oil. 

4  1-1/2  l"bs.  B.L.  155  (l4'/i)  2  qts.  oi 

•5  -  -  .3-113S*.  ,3*Is.. ;155/    /    '  . 

6  1  3  llDS.:B,  L,  .155  (14;^),  1  lb. 

■bentonite  Pirst  Brood 

.    3  lbs.  B.  L.  155  (I4)i)  Second  Brood 


SYl^TOPSIS  CONTHOL  COUNTS  CODLING  I.IOTH  ON  I.ICINTOSH-1940. 

Treatment      Total  Stimg  ^  '  '  fo-  jo 

Apples  Apples  St"ung  Tormy  '^orniy  Clean  Clean 

1.             5752  1696  .  W.4  ,     1170  18.9  2886  51.7 

2  8255  5105.  ,61.8  1445  17.6  1705  20.6 

3  6972  2752  39.4  639  9.2  3581  51.4 

4  8259  3283  39.7  810  8.7  4266  51.6 

5  7238  3862  53.3  1312  19.6  2064  27.1 

6  5199  2923  55.2  1094  21.1  1182  22.7 
Check-IIac.      1801  •       415  23.  1223  67.3  163  9.7 


£5i     x'o  formal  experimentation  on  means  other  than  spra.ying. 

IT.     S'pra."  -?Le3idue. 

As  indicated  unc^er  control  "by  insecticides,,  indications  are  that 
ilichi;2:an  growers  can  meet  present  tolerances  l)y  refraining  from  late 
season  spraying  ^^rith  arsenicals.     Growers  seem  to  he  pretty  well  sa.tisfied 
with  the  possibilities  offered  hy  the  possibility  of  using  arsenicals 
with  fungicides  during  the  early  part  of  the  season  and  taking  cs.ve  of 
late  hatching  larvae  by  fixed  nicotines.  ■    ^ 


lassouEi 

L.  Ha.seman,  Missouri  Agricultural  Experiment  Station,  Columbia. 

I.     Seasonal  conditions  and  abundance  of  the  insect  during  the  1940 
season. 

Throughout  Missouri,  x^reather  conditions  slowed  down  aiid  extended 
the  period  of  first  brood  moth  emergence  in  the  spring  and  this  dra''-7ing 
out  of  the  broods  was  also  reflected  in  case  of  the  second  and  third 
broods.    Until  fall,  while  the  drai-rn-out  broods  made  it  difficult  to 
time  the  apjD  licet  ions  to  best  ^advantage,  worm  control  .generally  was 
good.     However,  with  the  open  fall,  vdth  no  real  killing  frosts  over 
most  of  the  State  until  the  November  freeze,  we  had  an  exceptionally 
heavy  buildup  of  third  brood  worm.s  and  consequently  much  late  worminess 
of  fr'.iit  on  the  ^4nter  varieties. 

In  southf-^est  Missouri  lead  arsenate  burned  m.ore  than  usual, 
according  to        vv.  Smith  who  hs,s  charge  of  experimental  work  there. 


II.     Studies  on  codling  moth  biology  or  behavior. 

Behavior  and  biological  studies  on  the  codling  moth  were  largel^r 
restricted  to  the  annual  stud^^  of  moth  and  worm  development  of  the  three 
broods. 


III.     Results  of  control  ex-ioerim.ent s. 


(a)  In  1940,   the  experimental  setup  was  similar  to  previous 
7/ears,  with  commercial  orchard  experimental  plats  at 
Elsberry,  Cape  C-irardeau,  i'ountain  Grove,  Ilarionville, 
and  St.  Joseph,  I'issouri,     Spray  dilutions  co'ibined 
with  a  laxge  series  of  spray  mixtur'^^s  and  combinatio::s 
of  mixtures  were  included  in  the  experiments. 

(b)  As  mentioned  above,  the  emergence  of  moths  of  the 
different  broods  was  dra^'/n  out  badly,   thus  requiring 
careful  timing  of  applications,  but  the  ^-'orst  setback 
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to  final  results  was  due  to  the  favorable  conditions 
for  the  development  of  an  unusually  heav;/'  third  brood' 
of  worms  in  the  fall-i 

Control  results  included  in  the  acco'npanyihg  tables. 

Ko  unusual  spra^  injurj/"  appedf-ed  on  foliage  and  fruit  in' 
1940. 

Ko  analyses  for  spray  residue  were  made. 

A.  Control  by  insecticides. 
G-iven  in  accoropany  tables.  ^ 

B.  Control  by  means  other  than  spraying. 

..  I_,..;/;4s,,/i-ji.'1939.,.  .banding... and  bai t •  trap-s-  were  used 

primariljr  in  following  the  develooment  of  moths 
and  ia.rva.e  of  the  different  broods. 

IV.     Spray  residue.        -  " 

I'o  spray  residue  analyses  were  made  this  year,  but  most  of  our 
commercial  gro^'ers  used  their  washing  equipment  or  wiping  equipment 
T'dth  tha,t  portion  of  their  crop  moved  interstate.     The  tolerance  \ 
changes  nave  been  very  favorably  received  by  Missouri  growers,  since 
they  have  found  that  it  has  materially  reduced  their  spray  residue^  , 
raaoval  problems. 


( c) 

(d) 

(e) 
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PIOiJEEH  ORCHABDS,  CAPS  GIP^BDEAU,  IJSSOUHI 
iTariety:  Jonathan 


■!0 r eatffi en t""( 'Quantities"  are  for  100  ie;allons)- 

■  ^ 

Glean 

Stun;^ 

i 

''orm-v 

1 

3-TiDsV  ^'iTenothiazine  (r-oPont'  s  1939-  'make' ) 
in  all  covers. 

72,4 

2.2 

25.7 

2 

&  lbs.  Black  Lea.f  15p.  in  is t  cover.    6  lbs.  ' 
•  Black  Leaf  155  plus  2  qts,   sumTier  oil"  in  2nd, 
3rd/'"<£:  5th  covers.    4  lbs.  Black  Leaf  155 
■plus  2  qts,  summer  oil  in  4th  <3:  6th  covers. 

 -  - 

85.9 

2,6 

.  j  :-.  . 
11.4 

3 

3  lbs.  Lead  Arsenate,  5  lbs,  h^drated  lime., 
in  1st,  2nd,  3rd,  &  5th  covers,     2  lbs.  Lead 
Arsenate,  3  lbs.  Lime,  in  4th  tc  5th  covers. 

88.1 

.  3.5 

8.5 

4 

Same  as  Plat  3,  exce-ot  3  ats.  of  summer  oil 

were  added  m  tne  3nd,  3rc.,  &  oth  covers. 

94, 9 

1.2 

4.5 

5 

3  lbs.  Lead  Arsens.te,  5  lbs.  Lime,     in  1st 
cover,     3  qts.  ITicosol  plus  1  lb.  ponder  in 
2nd,  &  5th  covers.     2  qts.  ITicosol  plus  1  lb. 
pov/der  in  3rd,  4th,  &  5th  covers. 

89,4 

?  ^ 

8.0 

6 

Same  as  Plat  3. 

8  6, '2 

4,2 

9.9 

7 

3  lbs,  Phenothiazine  (DuPont's  1940  'make') 
in  all  covers. 

1,9 

as. 7 

Spray  Sates :     Ca 1 yx 

1st  cover 
■  ■  2nd  cover 
3rd  cover 
4th  cover 
5th  cover 
6th  cover 


-  April  27 
May  13 

-  May  24 

-  June  8 

-  June  20 

-  July  o 

-  July  26 
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'PJN&HAUSSIJ  OHCHAZD,  ELSBEERY,  laSSOUHI 
Yariety:  Jonathan 


Plat 

Treatment    (Qasjitities  are  for  100  e;allons) 

■  i 

Clean 

■  i 

Stuns 

'■/ormy 

1 

2  llDs.  Lead  Arsenate,  1  gal,  S'omraer  oil,  in 
1st  cover.    2  IIds.  Lead  Arsenate  in  2nd,  3rd, 
4th,  &  6th  covers.     3  lbs.  Lead  Arsenate  in 
5th  cover. 

24.4 

86.8 

27.7 

2 

Same  as  Plat  1  in  1st  cover.     3  lbs,  Pheno- 
thiazine  plus  1  pt.  DuPont  sticker,  in  2nd, 
3rd,  4th,  5th,  and  6th  covers. 

24.2 

52.0 

40,2 

3 

Same  as  Plat  1  in  1st  cover, 

8  lbs.  Black  Leaf  155  in  2nd,  3rd,  4th,  5th 

and  6th  covers. 

24.  7 

'5*7.8 

44.4 

4 

Same  as  Plat  1  in  1st  cover,     2  lbs.  Lead 
-arsenate  plus  4  oz.  Santomerse  "D"  in  2nd, 
3rd,  4th,  and  6th  covers.     3  lbs.  Lead 
Arsenate  plus  4  bz.  Santomerse  "D"  in  5th, 

33.4 

30.0 

24.1 

5 

Same  as  Plat  1  in  1st  cover.     2  lbs.  Lead 

arsenate  plus  1  gal.  summer  oil  in  2nd,  3rd,  •  '  ' 
4th  and  6th  covers.    3  lbs.  Lead  arsenate 

plus  1  gal.  summer  oil  in  5th  cover.  46.6       46.9  15.4 


6         Same  as  Plat  1  in  1st  cover.    2  lbs.  Lead 

Arsenate  plus  1  gal.  summer  oil  plus  10  lbs. 
broim  sugar  in  2nd,  3rd,  4th,  and  6th  covers. 
3  lbs.  Lead  Arsenate,  1  gal.  summer  oil. 


7 

Same  as  Plat  1,                                         .  . 

'''31. -g' 

63.8 

20.1 

8 

Same  as  Plat  1  in  1st  cover,     3  lbs.  regular 

derris  in  2nd,  3rd,  4th.  5th,  and  6th  covers. 

28.5 

54.5 

42.5 

Same  as  Plat  1  in  1st  cover.     3  lbs.  stabi- 
lized derris  in  2nd,  3rd,  4th,  5th,  &  6th 

covers,  27.8        55.0  33.6 


Spra;/  Dates;     1st  cover  -  May  20 
2nd  cover  -  June  1 
3rd  cover  -  June  13 
4th  cover  -  July  4 
5th  cover  -  July  27 
6th  cover  -  Aug.  14 
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KEMOOR  OECHAPjDS,  ST.  JOSZPE,  i:i3S0UFJ 


Plat    Treatment  (Qua.ntiti8S  'are  for  IQO  ^5:allons)      Clep.n      Stung  ^^^or^l:/ 

1         2  1/3  lbs.  X^ad  Arsenate,  4  1/6  Its.  Dry 

•  Lime  Sulfur,  in  1st  cover,     3  lbs.  Lead 

 ilrsenate/  1  1/2  lbs.  hydrated  lir.e  in  2nd  cover. 

4  lbs.  Lead  Arsenate,  2  lbs.  lime,  1/4  lb,  cop- 
per sulphate,  in  3rd  cover,    .4  lbs.  .Lead 
Arsenate  in  4th      5th  covers.       3  lbs.  Lead 

-arsenate  in  6th      7th  covers.  58.5        19.4  22,8 


2         Same  as  Plat  1,   exce;'?t  1  pt.  l^icotine  Sul- 
phate and  3  lbs.  Lime  added  to  2nd  cover  for 
_    •    moth  kill,  :5Jid  1  pt.  nicotine  Sulphate  arid  l/2^ 

Sunerla  to  5rd  cover  ■'•jith  Bordeaux  omitted,        46.6        19, 1  35.0 


Sar.e  as  Plat  1  in  1st  cover.     2  pts.  Ivicotine 
Sulphate,  5  lbs.  3entonite,  1  qt.   soj^bean  oil, 
in  2nd  &  3rd  covers.     1  pt.  Nic.   Sul.,   5  lbs. 
Bent,,  1  qt.  soybean  oil,  in  4th  cover,     o  lbs, 
~Tack  Leaf  155,  1/2  gal.  Superla,  in  5th  cover. 


4  lbs.  3.L.155,  1  qt 


Superla,  in  &th  cover. 


6  lbs.  B.L.155,  1/4  5:al,  Superla,  .  in  7th  cover.  40.7 


44,3 


Same  as  Piat  1  in  1st  cover,     6  lbs.  B.L.155, 
1  pt.  i-ic.  Sul,,  1/2  ^al.  Superla,  in  2nd  &  3rd 
covers,     6  lbs.  B.L,155, '1/2  gal.   Superla,  in 
4th  &  5th  covers.     4  lbs,  B.L,155,  1/4  gal. 
Superla,  in  6th  cover,     5  lbs.  B.L.155,  1/4  gal. 
Su-perla,  in  7th  cover.  45.6 


8.4  41.6 


Same.3.s  Plat  1  in  1st  cover.   '3  lbs,  B.L.155 
Concentrate,  1/2  gal.   Superla,  in  2nd,  3rd,  & 
4th  covers.     2  lbs,  3..L,155  Concentrate  and 


1/4  g:al.   SuT)erla,  in  5thi 


ith,  &  7th  covers. 


S'^  9 


5.94  32.2 


Same  as  Plat  1  in  Ist'cover.     4  lbs.  B.L,155, 

2  lbs.  Ben-j.,  1  pt.  5oybea.n  oil,  in  2nd  cover. 

3  lbs,  B,L,155  Concentrate,   2  lbs.  Bent,, 

1  pt.   soybean  oil,  in  3rd  cS:  4th  covers,     2  lbs, 
B,L.155  Concentrate,  1/2  gal,   Superla,  in  5th 
cover,     2  lbs.  B.L.155  Concentrate,  1/4  gal. 


7 

Saiae  as  Plat  2 

55,8 

15,4 

18,76 

8' 

Same  as  Plat  1 

54.26 

19.2 

15,46 

S-orav  Bates.' 


Ca.lj^         -  :-Iay  S 
1st  cover  -  Ma-^^-  22 
2nd  cover  -  June  1 
3rd  cover  -  June  8 


4th  cover  -  June  21 
5th  cover  -  July  19 
6th  cover  ->.ug.  1 
7th  cover  -  Aug.  20 


SSNEFF  OHCHAED.  I.:APJ0NVILLE.  MISSOURI 


Variety:  King  David 


T 
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p 

Sturijg: 


IT 

,0 


Plat    Treatment  (Q^iantities  are  for  100  gallons)  Clean 


Wo  rmy 


2  lbs.  Lead  Arsena.te,  2  lbs.  Lime,  2  lbs. 
Malsoid  Sulfur,  1  gal.  Lime  Sulfur,  in 
1st  cover,    .8  lbs,  Black  Leaf  155,  4  lbs. 
Mulsoid  Sulfur,  in  2nd  cover.     6  lbs. 
3.L.155,  1/2  gal.  Superla,  in  3rd  &  6th  covers. 
4  lbs.  3.L.155,  1/2  gal.  Superla,  in  4th  &' 7th 
covers.     4  lbs.  B.L.155,  3/4  gal.  Superla, 
in  5th  cover. 


33.0      21.9  57.9 


Same  as  Plat  1  in  1st  cover.     3  lbs.  Lead 
arsenate,  3  lbs.  Lime,  and  Bordeaux  in  2nd 
cover.    3  lbs.  Lead  Arsenate,  3  lbs.  Lime, 
in  3rd  &  6th  covers.     2  lbs.  Lead  Arsenate, 
2  lbs.  Lime.-  in  4th,  5th,  &  7th  covers,  


Same  as  Plat-  2,  except  that  l/4  lb.'  soybean 
flour  was  added  to  each  cover  spray  except 
the  first  one. 


15.7  .    59.1  63.2 


30.2     .47.4  46.4 


Same  as  Plat  1  in  1st  cover.     3  lbs.  Black 
Leaf  155  Concentrate,  4  lbs.  S-W  Mulsoid 
Sulfur,  in  2nd  cover;    2  lbs. "B.L.155  Gon. , 
1/2  gal.  Superla,  in  3rd,  6th,  &  7th  covers. 
1  1/2  lbs.  B.L.155  Con,,  I/2.  gal.  Superla,  in 
4th  cover.     1  1/2  lbs.  B.L.155,  '3/4  gal. 
SuToerla.  in  5th  cover.  


52.9      16.4  37.3 


Same  as  Plat  2  i-n  first  four  covers.     2  lbs. 
G-enecide,  1  lb,  sodium  oleate  soap,  4  1/2  ozs. 
monohydrated  zinc  sulfatfe,  in  5th,  6th,  and 
7th  covers. 


15.0  .39.7 


75. 


Same  treatment  as  for-Pla.t  2,  except  that 
1/2  gal,  Superla  was  added  to  the  '3rd,  4th, 
and  6th  covers,  and  3/4  gal.   Superla  to  the 
5th  cover.   .Bordeaux  was  used  instead  of 
Mulsoid  sulfur  in  the  2nd  cover. 


21.0      44.3  60.2 


Same  treatment  as  for  Plat  6,  exce-ot  that 
Shell  summer  oil  (Medol)  was  used  instead 
of  Superla  summer  oil. 


18.3      50.8  65.2 


Spray  Dates:  Calyx 


-  i-ay  d 
1st  cover  -  May  13 
2nd  cover  -  May  23 
3rd  cover  -  June  3 


4th  cover  -  June  13 
5th  cover  -  July  2 
5'th  cover  -  July  23 
7th  cover  -  .^iug.  14 
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STA?3  FHUIT  SKPSHIIvSIIT  STATIOIT,  IvIOUiNlTAIrl  GHO^/E,  KISSOUHI 


Variety:  Cham-oion  ' 


7r  ^  ^ 


Plat    Treat,-nent  ( Qjnantit ies  are  for  100  gallons)      Clean      Stung  ''/ormy 

1  2  lbs,.  Lead  Arsenate,  2  lbs.  Lime,  in  1st 
cover.     8  lbs.  Black  Leaf  155,  1/2  gal.  Superla, 
in  2nd  cover.     5  lbs,  B.L.155,  1/2  gal.   Superla,,  .  . 
in  3rd,  4th  (5:  5th  covers.     4  lbs.  B.L.155, 

 1/2  -al.  Superla.  in  6th.  7th.  &  8th  covers.        50. 2      IS.Q  23,8 

2  Same  as  Plat  1  in  1st  cover.     3  lbs.  Lead 

Arsenate,  3  lbs.  Lime,  in  2nd,  3rd,  5th,  and "  ' ^ 
7th  covers,     2  lbs.  Lead  arsenate,  2  lbs, 
 Lime  in  4th.  6th,  ?nd  8th  covers,   42.4      45.6  12,4 

3  Sajiie  as  Plat  1  in  1st  cover.     Saiie  as  Plat  2         " /  '  ' 
except  that  l/2  gal,  Superla  t-ras  acded  to  the               ,    .  ; 

 2nd.  3rd.  5th.  and  6th  cover  sprays o  65.0      28,2  9.4 

4  Same  as  Plat  2,  except  that  l/4  lb,   tar  soap 
flalces  and  l/2  gal.  kerosene  v;ere  ad.ded  to 

 the  2nd.  5rd.  5bh.  and  6th  covers,  58.0      38.7  4.5 

5  Same  as  Plat  1  in  1st  cover,     l/S  gal.  rlicosol 
oil,  1  lb,  ilicosol  povrder,  in  2nd,  4th,  5th, 
7th,  &  8th  covers,     3/4  gal.  Ilicosol  oil, 

 1  1/4  lbs,  ilicosol  powder,  in  3rd  &  6th  covers.  56.8  .  13.0  33,3 

6  3  lbs.  Lead  Arsenate,  3  lbs.  Lime,  in  1st  & 
2nd  covers.     2  I/2  lbs.  Lead  Ars.,  2  I/2  lbs. 

Lime,  in  3rd  cover.     4-4-100  Bordeaux,  3  lbs.  ■.- 

Lead  irs.  1  pt. Black  Leaf  40,  3/4  gal.  Superla 
 in     1/1  cover".  1  pf  .  a:T-67*  in  5th.  5th.  ^  7th.      31.9      51,7  40.0 

(Variety:  G-olden  JJelicious ) 
lA       Tirst  four  cover  sprats  same  as  in  Plat  6, 

except  that  2  gal.  liquid  line  sulfur  was 

added  to  the  1st  &  2nd  covers.     2  lbs. 

Genecid;^,  1  lb,   sodium  oleate  soap,  4  I/2  ozs. 
 zinc  sulfe-te,   in  5th.   5th  cS:  7th  covers,  58.5      24.7  16,8 

(Varie-^-yi  C-olden  Delicious) 
2A       First  foL.r  cover  sprays  same  as  in  Plat  6, 

2  1/2  lbs.   Lead  Arsenate  and  2  1/2  lbs.  Lime  in 

 5th.  5th.  &  7th  covers,  62.1      15,2  81,5 

(*Tnis  material  v/as  used  mistakenly  at  half  strength.) 


Spray  Bates:     Calyx         -  iJay  6 
1st  cover  -  May  17 
2nd  cover  -  Maj''  27 
3rd  cover  -  June  5 
4th  cover  -  June  20 


5th  cover  -  July  8 
6th  cover  -  July  24 
7th  cover  -  Aug.  7 
8th  cover  -  Aug.  22 


C.  E.  HITZ  OECHiiBD,  PORTSSCUE,  MO. 


Bloom  Removal  for  Codling;  Moth  Control  in  1939. 

Counts  v/ere  made  in  Octol^er  1940  on  larvae  on  tree  trunks.  The 
trunks  were  scraped  and  the  nuniber  of  larvae  per  tree  recorded. 

Results  follovr:  '         •  ■  •    •  •     ■  ,    "  V 


Variety 

Treatment 

No. Trees 
checked 

Total 
Larvae 

Av. Larvae 
Per  Tree 

Distance  from 
Untreated  Hows 

Ben  Davis 

Hone 

5 

267 

53.4 

None  .  - 

n  11 

Bloom  rejnoved 
in  1939 

5 

102 

20.4 

1-3  rows 

n  !i 

Bloom  removed 
in  1939 

5 

63 

12.2 

10  rows 

Counts  made  on  larvae  on  tree  trunks  in  Ilarch,  1940,  showed  the 
follovring  results;  ■  ■ 


Variet  y 

Trea-tment 

ilo.  Trees 
Checked 

Larvae 
Dead 

Larvae 
Alive 

Date 

Ingram 

.    None  . 

4 

337 

112 

i.arch  18 

II 

Bloom  removed 
in  1939 

10 

7 

1 

"  20 

II 

None 

10 

290 

97 

"  27 
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Byrley  T .  Driggers,  Fe".'  Jersey  Agricultural  Experiment  Strtion, 
Nev/-  Brunswick. 

I .  Sea.3onal-  conditions  and ■  codling  moth  atuadance .  , 

In  southern  IJev;  Jersey  a  hea.vy  carry-over  of  larvae  from  the 
extreiijely  severe  codling  moth  see.son  of  19^59  occurred.     In  central  . ?nd. 
northern  ilew  Jersey  the  carry-over  of  larvae  f-'as  li^^ht  due  to  the  axtiv- 
ity  of  predators,  particularly  birds.     Cool  weather  unfavorable  for 
codling  moth  development  occurred  during  June  resulting  in  a  much  easier 
control  of  first  "brood  la.rvae  in  central  and  southern  ITew  Jersey  than 
was  the  case  in  1939.     Eot,  dry  v/eather  occurring  the  last  half  of  July 
and  the  first  half  of  August  resulted  in  ^-^hat  be^an  to  be  a  severe 
second  brood  attack  in  orchards  v^here  first  brood  had  not  been  controlled 
satisfactorily.     Ho^v^ever,  the  last  half  of  .^.ugust  turned  cool  and  wet 
with  the  result  that  there  was  an  early  "shut  off"  of  second,  brood 
pupation,     'The  net  result  of  a  cool  first  brood  season  plus  an  early, 
"shut  off"  in  August  v;as  a  relatively  easy  vear  for  the  control  of 
codling  moth  in  Nevr  Jersey. 

I I .  Studies  on  codling  moth  biology  and  behavior ... 

rio  work  carried  on. 

III.  Hesults  of  control  eicper iments . 

A.     Control  by  insecticides. 

(l)    Lead  ar sens, te,        series  of  arsenical  corrective  plots 
were  run  in  1940  testing  several  correctives  which  had  sho^-m  T)romise 
else^-rhere.     The  correctives  v^ere  used  in  a  summer  oil-lead  arsena.te 
schedule  on  the  -~.ome  and.  St  airman  varieties  in  t'-'o  different  orchards 
in  the  state.    The  various  plot  treatments  vrere  begun  at  the  third 
cover  spray.    Previous  to  that  spray  all  the  plots  received  a  petal  fall 
spray  of  ^-rettable  sulfur,  lime  and  lead  arsenate  follo'^ed  by  a  7-dav  spray 
of  lead  a^rsenate,  lime  and  sticker,   follo-'-'ed  by  a  14-d^ay  spra"'^  of  lead 
arsenate,  lime,  a  commercial  copper  compound  and  sticker.  Beginning 
^•dth  the  third  cover  spray  the  check  plot  received  the  regular  l\e'-r  Jerse"^?" 
recommendation  of  2  pounds  lead  arsenate,  2  pounds  hj'-drated  lime,  3/4-^ 
sumsier  oil  and  sticker  to  ICO  gallons  of  water.     The  correctives  com- 
pared to  tliis  plot  were:     (l)  ''eak  bordeaux  ( 1/2-2-100) ;  (2)  weak  zinc 
sulfate-lime  (l/2-2-100);  (3)  zinc  oxide-lime  (1/2-2-100);   (4)  soddu^m 
phosphate-copoer  sulfate-lime  (1/2-1/2-2-100)  and  (5)  sodium  silicate- 
copper  sulfate-lime  ( 1/2-1/2-2-100 ) .    Joliage  counts  at  the  end  of  the 
season  (Septe.mber  20)  showed  the  ^-eak  bord.eaux  with  the  lov/est  r^ercentage 
of  lea.f  d.rop  and  leaf  burn  followed  closely  by  the  zinc  sulfate-lime. 
The  sodium  phosphate-cop'oer  sulfate-lime  and  the  socLiu.ii  silicate-copper 
sulfate-lime  showed  less  foliage  injury  thaai  the  standard  lead,  arsenate- 
hydrated  lime-oil  plot  but  the  coverage  \''ith  both  of  these  materials  was 
of  the  blotch  tY'oe  which  lead  to  more  worm  entry  and  uneven  coloring  of 
the  fruit. 
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The  zinc  oxide-lime  plot  showed  ver;'-  severe  foliage  and  fruit  drop 
"beginning  three  v/eeks  after  the  last  application  in  August. 

The  so-called  "triple  spray"  for  codling  moth  control,  first 
developed  and  tested  by  Hough  in  Virginia  and  later  tested  for  three 
seasons  in  New  Jersey,  was  observed  in  severa,l  orchards  where  this  siiray  ■ 
combination  was  used  to  control  first  brood  codling  moth.     In  this 
"triple  spray"  a  pint  of  nicotine  sulfate  per  100  gallons  of  spray 
material  is  used  for  a:dult  moth  kill  primarily,  plus  3  pounds  of  lead 
arsenate  to  100  gallons  plus  3/4^  summer  oil,   the  lead  arsenate  and 
oil  serving  as  a  larvacide  and  ovicide  respectively.     Three  different 

growers  sprayed  pa.rt  of  their  orchards  vdth  the  triple  spray  and  part 
with  the  oil-lea.d  arsenate  spray.     In  each  case  less  second  brood  spray- 
ing was  necessary  in  the  triple  sprayed  section  and  more  clean  fruit 
was  obtained, 

(2)  Non-lead  arsenicals.     No  work  carried  on. 

(3)  Fluorine  compounds.    No  work  carried  on, 

(4)  Organic  materials. 

(a)    Fixed  nicotine  compounds  and  Xanthone,  • ■ 

A  series  of  plots  using  fixed  nicotine  with  and  without 
oil,  -dIus  a  Xanthone  plot,  were  riin  in  comparison  with  lead  arsenate- 
summer  oil  on  three  varieties  (•'/ealthy,  Sta^/man  and  Home)  in  the  same 
orchard  where  similar  sets  of  plots  were  run  in  1938  and  1939  and  reported 
in  the  pool  of  information  for  those  -^T-ears.    -t^ll  of  the  plots  were  sprayed 
with  lead  arsenate  at  the  petal  fall  and.  the  first  two  cover  sprays  in 
1940  to  control  leaf  roller.     This  insect  had  injured  from  7  to  14^  of 
the  apples  on  the  Home  variety  in  the  1939  tests  where  the  various 
nicotine  treatments  had  begun  at  the  first  cover  spray  following  petal 
fall.     The  different  plot  treatments  were  begun  at  and  including  the 
third  cover  spray  and  were  continued  in  the  fourth  and  fifth  cover  spray 
at  approximately  10-day  intervals  to  cover  the  period  of  first  brood 
larval  activity.    The  plots  received  four  second  brood  sprays  at  api^roxi- 
mately  ten-day  intervals  in  July  and  August,     The  results  from  the  Home 
variety  only  (including  drops  and  picked  fruit  at  harvest)  are  set  forth  in 
the  following  table. 
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f$  C.  M. 

Treatment    (in  100  Gallons)  Stuns: 

'vo  rmy 

fo  Leaf 
Holler 

1. 

-Dj.aCiC  jjsai  loo     'irr^   summer  oi±  <i  C[t;s, 

OA  Q 

9.9 

2.3 

2. 

I.'odified  "Black  Leaf  155"          summer  oil 
<d  q Ts , 

lo ,  0 

r  9.6 

2.5 

.;  "Black  Leaf  155"  concentrate  1  l/2#,  summer 
■  oil  2  qts. 

16.5 

7.4 

2.1 

»  • 

"Black  Leaf  155"  concentrate  3#,  "bentonite  2# 
3rd  to  6th  spra-'s,  then  "Black  Leaf  155" 
concentrate  1  l/2#,  oil  2  qts. 7th  to  9th  sprays. 

19.7 

12.4 

2.0 

5. 

"  "Rl  p  plr  Ti     "F   1  SR'*    r*nrppr,  "fTotp             nil    1  +i 

oil  omitted  in  last  two  cover  spra^^'s. 

19.4 

8.8 

1.5 

6.. 

."Black  Leaf  40"  1  pt.,  "bentonite  4#,milk  l/4# 
'  in  3rd  to  5th  sprays,  then  "Black  Leaf  40" 
3/4  pt.,  oil  2  qts.  last  4  spra^-'s. 

25.2 

10.9 

1.3 

7 

Lead  arsenate  2#,  lime  2^,  summer  oil  2  qts. 
Orthex-  1  pt.  in  3rd,  4th  and  7th  cover  sprays; 
lead  arsenate  3#,  lime  S#,  Orthex  1  pt.  in 
•5th,  oth,  8th  and  9th  cover  sprays. 

39.2 

3.1 

0.2 

8. 

"G-enicide"  2#,  sodium  oleate  1#,  zinc  sulfate 
4  1/2  oz. 

14.5 

21.3 

1.4 
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(b)  Phenothiazine.    No  nork  carried  on, 

(c)  Other  orr^anics.    No  work  carried  on.  *. 
3.     Control  "b^  me^ins  other  than  spra^'ing. 

(1)  Bands  and  sanitation.     No  work  carried  on. 

(2)  Baits  and  li'hts.     No  work  carried  on. 

(3)  Biological  control. 

In  the  pool  of  inf orra-^ition  dealin.?:  with  results  in  1939, 
a  orief  summary  of  the  results  ootained  the  second  season  of  a  biolo^jical 
control  project  on  codling;  moth  was  siven.    That  vear  (1939)  there  xras  a 
notable  increase  in  egg.  and  larval  parasi tization  and  an  increase  in 
predators  in  the  unsprayed  blocks  as  compared  to  an  oil-lead  arsenate 
sprayed  orchard.     In  spite  of  the  work  of  parasites  and  predators 
"oracticall^T;  100^  of  the  crop  in  the  unsTorayed  orchard  was  destroyed  by 
coclin?;  moth  and  oriental  fruit  moth. 

The  project  was  continued  a  third  season  in  1940,  In 
bo.th  the  sprayed  and  unspra"ed  blocks  there  vras  a  heavy  set  of  fruit  in 
1940  v/hereas  in  1939  the  set  was  light.     Egp;  and  larval  parasi ti zation 
and  predators  (chiefly  ants)  a-^a.in  were  more  abundant  in  the  unsprayed 
blocks  as  in  1938  and  1939c    At  harvest  90^  of  the  fruit  was  wormy  or 
stung  in  the  unspra^^'ed  block  as  compared  to  a  crop  packing  out  95%  U.  3. 
#1  apples  in  the  lead  arsenate-oil  sprayed  block.     In  1940  as  in  1939 
oriental  fruit  moth  was  reared  in  considerable  numbers  from  stung  apples 
collected  in  the  unsDrayed  blocks.     The  apple  maggot  also  was  reared  in. 
aporeciable  numbers  from  apples  collected  from  the  unsprayed  blocks. 
Neither  fruit  moth  nor  apple  maggot  showed  up  in  the  lead  arsenate-oil 
sprayed  block. 
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OHIO 

-,   :  C.  H.  Outright,  Ohio  Agricultural  Experiment  Station,  booster. 

I.  1'he  seasonal  development  of  the  codling  moth  vras  greatly  retarded  "by 
lov,r  tem^^eratures  which  i^revailed  d.uring  Mav  and  June.     The  first  moths  of 
the  0 ver^-dntering  "brood  appeared  aliout  a  week  later  than  normal,  while  the 
first  larvae  under  bands  were  taken  from  10  days  to  2  vreeks  after  the  date 
of  their  usual  appearance.    Rainfall  was  more  abundant  than  normal  for  May 
and  June  and  greatly  hindered  spray  operations  in  many  orchards,  especially 
during  the  latter  month.    Despite  lo^-^  temperatures  and  ahunda.nt  rainfall, 

an  infestation  of  severity  developed  in  many  Ohio  orchards.     In  fact,  codJing 
moth  ;oroba"blv  d.id  more  d.amage  than  in  any  year  since  1934.     Southern,  western 
and  northwestern  Ohio  experienced  the  greatest  amount  of  injury  v.rhile  in  the 
northeastern  section  the  insect,  as  usual,  was  easily  controlled. 

II.  -^outine  data  on  dates  and  rates  of  aoiDearance  of  moths  of  the  different 
brood-s  and  the  appearance  of  larvae  under  bands  were  taken  at  VJooster  and  at 
i'il^terville.    The  shortened  season  of  cod.ling  m.oth  activity  was  clearlj?-  in- 
dicated by  these  diita.    At  V.'aterviHe,  0.,  where  a  codling  moth  emergence 
cage  v/as  suspended,  in  a  sour  cherrj''  tree,  newly  hatched  codling  moth  larvae 
vrere  found  infesting  a  number  of  the  fruits.     Only  a  few  of  these  reached 
the  second  instar  and  none  attained  maturity. 

III.  (a)    j^n  extensive  field  control  experiment  was  conducted  in  the  ?rank 

Parnsv/orth  Orchard  at  'V8,terville  near  Toledo,  0.     Plere  some  24 
different  spray  sched^ules  were  tested  as  to  their  efficiency  in 
codling  moth  control  and  their  effect  on  fruits  and.  foliage. 
Single-tree  plots  vrere  emplo:"ed  with  five  re-Qlicates.    Plots  were 
laid  out  according  to  the  rand.omized  block  system. 

(b)  The  variety  v/as  Jonathan  ajid  the  trees  averaged  approximately  35 
years  of  age.     This  block  was  chosen  because  it  represented  the 
area  of  most  severe  infestation  in  an  orchard  of  over  300  acres 
of  ap'oles. 

(c)  '^'ith  a  calyx  and  six  covers  of  lead  arsenate,  including  3/4-^ 
summer  oil  in  the  second  and  third  covers,  damage  avers.ged  S'j 
wormy  fruit  (including  d.ropDed  fruits). 

( d)  Damage  to  fruit  and  foliage  was  avoided  almost  entirely  by  using 
1  or  2  pounds  of  zinc  sulfate  per  100  gallons,  starting  in  the 
second  cover  spra3/.     Severe  injury  occurred  on  trees  receiving 
the  straight  lead  and  lime  schedule  and  somewhat  less  on' straight 
oil — nicotine  schedules.     Zinc  sulfate  was  the  most  effective 
agent  in  securing  good  foliage  while  flotation  sulfur  aptolied  in 
two  or  three  applications  vras  also  effective.     Severe  russeting 
of  fruit  occurred  when  a  cheap  summer  oil  was  substituted  for  the 
standard  gra.de  and.  also  when  Xanthone  was  used  in  the  early  cover 
sprays.  ■  ■ 

(e)  Residue  loads  vrere  quite  high.     ''Tiere  schedules  started  with  a 
calyx  and  first  cover  of  lead  arsenate  and  vrere  follo^red  by  non- 
arsenicals  and  oil  the  lead  loads  averaged  .040+.     '.^ith  full  sched- 

.  ,       ules  of  lead.  Lime,  oil,  and  zinc  sulfate  the  lead  residue  ^'/as  .380 
Other  schedules  vrere  intermediate.    Hovrever,  these  loads  were 
easily  removed  to  within  the  legal  limits  by  regular  washing. 
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3*    No  experiments  were  conducted  with  means  of  control  other  than  spraying. 


Codling  Koth  Control 
!Field  Experiments  of  1940,  "aterville.  0. 

 ^  ■  ii, — — -=-'  : — ^  r- —  


Schedule 


Total  no. 
of  a.ppli- 
cations 


^  of    ;  v'/orms  , 
iformy  ;  per  100;  Lead  residue 
fruit  '  apples  '  gr.  per  lb. 


Lead  arsenate  Svf,  lime  3# 
Flotation  sulfur,  2nd  &  4th  covers 

Lead  ars.  3#,  lime         zn.  sulf.  2# 
Oil  in  2nd  &  3rd  covers 

Lead  ars.,  lime,  zn.  sulf.  If 
Oil  in  2nd  cs  3rd  covers 

Lead  ars.,  flot.  sulf.  (3  sprays) 

B.  L.  Cone.  1  l/2#'in  2nd  S-  3rd  covers 

Lead  ars.,  lime,  zn.  sulf. 

Gulf  oil  302  in  2nd  &  3rd  covers 

Lead  ars.,  lime,  zn.  sulf. 

Gulf  oil  371  in  2nd  &  3rd  covers 

2nd  cover,  lead,  oil,  soap 
Lead  ars.,  lime,  zn.  sulf. 
Oil  in  3rd  cover 
No  4th  or  Sth  covers 

B.  L.  155  4#,  oil  l/2fo 

B.  L.  155  4#,  3.  L.  4  l/2  pt. 

Xanthone  2#,  soap  &  zn.  sulf. 

Lead  ars.,  lime,  flot.  sulf. 
in  1st  Brood,  3  covers 

Xryocide  -  oil  in  2nd  Brood, 
2  covers 

Phenothiazine 

Phenothiazine,  1st  Brood,  3  covers 
Lead  ars.,  2nd  Brood,  2  covers 

Lead  ars.,  lime,  flot.  sulf. 
1st  Brood,  3  covers 

Phenothiazine.  2nd  Brood.  2  covers  


5 
5 
5 
5 


10 


7* 


11 


10 
13 
11* 


23 


12 


14 


13 


9 


16 


12 

18 
16 


33 


16 


21 


.38 
.38 
.50 
.38 
.38, 
.50 
.32 


.04 


.34 


.20 


*  Fruit  severely  russeted.    Apparently  due  to  early-season  application. 
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IV.     The  change  in  tolerance  limits  v/ill  hp.ve  little  effect  in  Ohio. 
No rthe.-' stern  Ohio,  where  onl:/  one  or  two  covers  will  control,  will  he 
in  a  soTiewiiat  more  favored  position.     Other  sections  of  the  State  that 
require  a  heavy  schedule  v/ill  need  to  continue  'crashing*     In  some  sections 
the  change  in  tolerance  will  favor  split  schedules,  with  non-arsenicals 
aga,inst  the  second  brood. 


OIIZGON 

L.  G-,  Gentner,   Southern  Oregon  Branch  Experiment  Station,  Talent. 

I.     Seasonal  Conditions  and  Codling  r-.oth  Abundance. 

The  first  moth  was  caught  in  "bait  pans  on  April  15,  one  day 
later  than  in  1939.     Because  of  cool  weather,  very  few  moths  were  ca.u-s-ht 
until  Viay  6.    Prom  then  on,  ^ith  the  exception  of  three  days  -  May  25, 
31,  and  June  4,  temperatures  at  sunset  were  favorable  for  moth  flight 
every  night  until  September  2.     Moth  catches  increased  rapidly,  were  high 
from  May  16  to  23,  then  dropped  rapidly.    Moderate  catches  vrere  made  dur- 
ing the  rest  of  May  and  all  of  June.    Moths  from  first-brood  worms  began 
to  fly  the  first  part  of  July.     S.elativelj''  high  catches  were  made  from 
July  9  to  25,  and  again  from  Aug.  1  to  9.     Low  catches  continued  to 
September  1.     Very  few  moths  were  caught  during  September,  although  even- 
ing temperatures  were  relatively  hi^-h.     In  a  commercial  apDle  orchard 
the  peak  catch  of  spring-brood  moths  occurred  on  May  18,  ^ith  an  average 
catch  of  391  moths  per  pan;  of  first-brood  moths  on  July  17,  with  an 
average  catch  of  97  moths  per  pan.    A  period  of  eight  weeks  and  six  days 
elapsed  between  the  two  peaks,  as  compared  to  ten  weeks  and  three  days 
in  1939.    The  bait  pan  placed  in  the  same  tree  as  in  1939  captured 
4,215  moths  in  1940  a.s  compared  to  4,935  in  1939.     Egg  deposition  was 
almost  continuous  throughout  the  season,  varying,  of  course  in  intensity. 

ii  calyx  and  six  cover  sprays  were  recommended  for  apple  trees, 
and  a  caljrx  and  five  cover  sprays  for  pear  trees.     The  timing  of  these 
sprays  was  based  on  moth  catches  in  bait  pans,   supiDlemented  by  extensive 
field  and  insectary  observations  and  thermographic  records  of  temperatures 
at  sunset. 

III.     Results  of  Control  Experiments 

Tests  for  codling  moth  control  were  made  in  a.  commercial  orchard 
on  Bart let t  -Dears.    All  plots  received  a  calyx  and  five  cover  sprays 
unless  otherwise  noted.    Dates  of  application  were  as  follows:  calyx 
(extra),  April  15;  calyx  (regular),  April  19;  1st  cover.  May  14;  2nd 
cover,  Ma^'-  23;  3rd  cover,  June  18;  4th  cover,  July  11;  5th  cover, 
July  30. 
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a.    Sach  plot  consisted  of  'eight  trees  —  four  random  replicates  of 
two  trees  each.    All  of  the  fruit  from  the  tree  and  on  the  ground  from 
all  trees  in  each  plot  was  examined  for  v.rorm    injury.     Sprays  were  ap- 
plied vrith  a  Bean  Power  spraver  at  a  pressure'  of  from  400  to  450  pounds, 
using  2  leads  of  hose,  Hardie  spray  guns,  discs  with  7/64  inch  openings. 

h,    For  some  unknov/n  reason,   there  was  an  unusually  large  number  of 
larvae  attempting  to  enter  the  fruit  through  the  calyx  end. 

c.     Very  good  control  vras  obtained  ^.nith  certain  combinations  of  ma- 
terials with  lead  arsenate,  the  percentage  of  wormy  fruit  being  as  low 
as  1.3/0  in  one  plot. 
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Control  in  Commercial  Bartlett  Orchard 


Plot  and  ( 1  ) 

4}  CfllTrX 

t  Side 

'^otal 

Mat  erial 

In  iurpd 

In  iured 

"To  rmv  Fr'"'i  ■ 

#1 

— Le.^d  P) r pnp t p— "^^luTi  t  (2) 

Bra.nd  4  (check)  Ca.lyx  and  covers 

3.0 

3.  9 

6.9 

#2 

— Lsao  ar ena  t e— ?1  t 

Srand  7                Calyx  and  covers 

1.9 

3.3 

5.2 

#3 

— Leao  ar senate— Fliixi t 

Brand  8                Cal2?-x  and  covers 

3.0 

4.0 

7.0 

#4 

—Lead  arsenate-'t^luxi t 

Brand  5  (i^ew  t;'roe)  Calyx  and  covers 

2.3 

2.1 

4.4 

#5 

—Lead  ars.— Fluxit  in  2  calyx  applica- 

tions; lead  ars.-3x'p,44  in  covers 

0.5 

1.2 

1.7 

#6 

-Lead  ars.-Fluxit  in  calyx  and 

covers;  omitted  1st  cover 

5.0 

5.  4 

10.4 

#7 

-Lead  ars.-Fluxit  in  calyx  and 

covers,  omitted  2nd  cover 

5.3 

6.2 

11.  5 

#8 

-Lead  ars.-Fluxit  in  calyx  and  4th^ 

'Sth:  lead  ars.     l/2  ^al.  Shell  oil  76^ 

5.6 

6.0 

11.6 

in  2nd;  omitted  1st  and  3rd  covers 

#9 

-Lead  ars.-Fluxit  in  calj''x  and 

4  2 

6  0 

10  P 

xvy  »  -O 

#10 

—Lead  ars.-Fluxit  in  2  caljoc  apTolica— 

W  J-  W  J.-L  O  C1-XX\— L      w  W  V        X  o 

1  0 

2  4 

3  4 

#11 

—Lead  ars-  in  calvx*  Brpnd  5  ( ne^-r 

0  9 

0  9 

1  8 

in  covers 

#12 

-Brand      lead  ars.     Colloidal  77 

stove  oil,  in  calyx  a,nd  covers 

1.2 

1.7 

2.9 

#13 

—Brand  3  Ipad  a  t**?       ^inl  t  i  — Ft  T  m 

stove  oil     in  calvv  and  covers; 

0.5 

0.8 

1.  3 

#14 

—Lead  ars.-Fluxit  in  caIvjC  anr'  l^t 

COVPT''    G-on*?    i  f^P     "^"^m      4-4-  i  n    Pnri    f  n 

3  3 

8  ? 

11  5 

J.  X  • 

4-th:   G-enicide    G-X  sticker    1  nt. 

kerosene  in  5th 

XJWC3.VJ.     CXXo.      XX  LLJVX          Xii     ^ClX,."--"k.,       O-tJClU.  CtXo.^ 

1  Ih,  rotenone  4/S,  Colloidal  77, 

1.2 

2.4 

3.  6 

stove  oil,  in  covers 

#16 

-Lead  ars.-Fluxit  in  calyx  and  1st, 

2nd,  3rd  covers;  4  Ihs.  rotenone- 

3.2 

5.7 

8.9 

4|j  in  4th  and  5th 

#17 

-Lead  ars.-Fluxit  in  calyx  and 

covers;  omitted  4th  cover 

2.5 

6.2 

8.7 

(1)  Lead  arsenate  was  used  3  pounos  in  100  gallons;  G-enicide  2 
pounds;  Fluxit  l/4  pound;  Experimental  44,  Colloidal  77,  and  :';ulti-Film, 
l/s  pound;  stove  oil  1  quart. 

(2)  Brand  4  lead  arsenate  was  used  wherever  the  "brand  is  not  given. 
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d.  Ho  injury  to  either  fruit  or  foliaf^e  was  observed  from  any 
treatment  used. 

e.  The  residue  load  on  picked  fruit  ranged  from  .066  grain  of  ar- 
senous  oxide  per  pound  of  fruit  to  .122  grain,  in  those,  plots  receiving 
all  cover  spra.ys.    This  vias  removed  to  from  .0035  to  .0055  grain  "by  running 
the  fruit  through  a  Cutler  washer  (flood    type)     containing  an  unhpated 
acid  bath  of  slightly  more  than  if^  strength. 

A,     Control  by  Insecticides 

1.    Lead  arsenate.     The  omission  of  any  one  of  the  cover  spra'^^s 
in  the  recommended  schedule  resulted  in  a  decided  increase  in  wormy  fruit. 
The  work  of  testing  brands  of  lead  arsenate  was  continued  in  a  limited  way. 
Two  brands  of  lead  arsenate  not  previously  used  experimentally  were  tested 
against  Brand  4.     (Tiiis  had  rated  second  in  previous  tests).    There  was  no 
significant  difference  in  control  from  that  of  the  check  lead  arsenate. 
The  new  type  of  Brand  5  was  also  tested,    iis  a  result  of  the  poor  control 
obtained  in  previous  tests  with  this  brand,  the  manufacturers  changed  the 
physical  properties  of  this  lead  arsenate,  vrith  the  result  that  it  "steioped 
up"  from  one  of  the  xDoorest  to  one  of  the  most  effective  brands  of  lead 
arsenate  in  1940. 

(a)    The  addition  of  l/4  pound  Fluxit  to  lead  arsenate  im- 
proves the  control  somewhat,  but  api^arently  is  not  as  satisfactory  for  use 
on  pears  as  it  is  on  apples.    The  resulting  cover  is  a  blotchy,  spotty 
type.    The  use  of  small  amounts  of  such  deposit-builders  as  Colloidal  77 
and  Multi-Film  with  kerosene  or  stove  oil,  or  Porable  90,  with  the  lead 
arsenate,  results  in  a  marked  improvement  in.  control.     The  resulting  cover 
is  an  even,  more  or  less  granular,  film.    The  addition  of  1/2^^  of  a  summer 
mineral  oil  to  the  lead  arsenate  during  periods  of  heavy  egg  deposition 
gives  increased  control  in  cases  of  heavy  infestation.     '"Jhere  oil  ■''^as  added 
to  the  2nd  cover  spray  and  the  1st  and  ?rd  cover  sprays  were  omitted,  the 
control  was  about  the  same  as  when  only  1  cover  spray  had  been  omitted  in 
the  lead  arsenate-Fluxi t  program. 

4,     Organic  materials. 

(c)  Xanthone  (G-enicide),  substituted  for. lead  arsenate  after 
the  1st  cover  spraj?"  at  the  rate  of  2  pounds  in  100  gallons,  ^-dth  Experi- 
mental 44  deposit-builder  resulted  in  control  inferior  to  lead  arsenate. 

(d)  One  pound  of  4$  rotenone  added  to  the  lead  arsenate- 
Colloidal  77-stove  oil  combination  did  not  increase  control.    Four  pounds 
of  4/o  rotenone  substituted  for  lead  arsenate  in  the  last  two  cover  spra^^-s 
resulted  in  control  which  was  inferior  to  the  lead  arsenate-Fluxit  program. 

3.     Control  by  Means  Other  Than  Spraying 

3.    Biological  control.     The  egg-parasite,  Trichoi^ramma  minutum, 
made  its  appearance    quite  early  and  was  a  factor  in  preventing  many  late 
entrances.     Normally  parasitized  eggs  are  not  to  be  found  to  any  extent 
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until  a. "boat  the  middle  of  August,  or  al^out  the  time  of  the  second  picking 
of  Bartlett  pears.     This  "ear  a  number  of  parasitized  eg.H's  v/ere  found  a,s 
early  as  May  23,  and  parasitized  eggs  could  "be  found  throughout  the  season. 
At  harvest  time  parasitized  eggs  were  quite  prevalent  on  the  Sosc  pears 
at  the  station,  some  of  them  having  as  many  as  four  such  eggs  on  them. 

IV.     Spray  residue. 

The  raising  of  the  tolerance  has  permitted  the  use  of  heavier  spray 
prograias  in  "badly  infested  orcha.rds  than  here-to-fore..     There  was  very 
little  difficult?''  in  removing  even  a  very  heavv  deposit  of  lead  arsenate 
to  meet  the  new  tolerance. 


Arsenical  P.esidue, 

Before 

and  lifter 

Washing,  and 

S-oray 

BeTDOsit 

of  Pe-^crs 

Plot 
No. 

^i^terial  and 
'Tjrpe  of  Coverage 

Arsenous 
Before 
'/ash 

Oxide 
After 
l^sh 

Deposi  t 
Before  After 
5th  cover         5th  cover 

1. 

gr./lh. 

Brand  4-riuxit 

Blotch  s-Dots  .098 

gr./lb. 

.0046 

mmg. / sq,  cm. 
10.6 

mmg, / sq,  cm. 
15.5 

2. 

Brand  7-riuxit 
Blotch  sTDots 

.096 

.0053 

15.6 

23.  5 

3 

Bra.nd  8-Fluxit 
Blotch  spots 

.^'82 

.0035 

15.5 

20.3 

4 

Brand  5-riu:cit  (ne'-'  t'^'^De) 
Blotch  s-pots 

.036 

.0045 

10.8 

16.6 

5 

Brand  4— Fluxit,   2  calvx; 
1x0.  44  in  covers 
Bven  granular  coat 

.081 

.0055 

8.5 

15.5 

10 

Brand  4-?luxit,  2  cal;^,;^ 

.088 

.0052 

11 

Brand  5  (new  t'rpe), 

Forahle  90 

Bven  granular  coat 

.104 

.0050 

18.4 

30.7 

12 

Brand  4,  77,   stove  oil 
Bven  granular  coat, 
"but  heavier 

.122 

.0048 

9.8 

24.8 

13 

Brand  3,  i-.ulti-Film, 
stove  oil 

Bven  granular  coat 

.102 

.0035 

16.0 

27.5 

15 

Brand  4,  rotenone,  77, 
stove  oil 

.101 

.0044 

The  a'Dove  residue  and  deposit  analyses  were  made  "by  kr.  H. 
Robinson,  Chemist,  Oregon  Bicperiment  Station,  Corvallis. 


H.  xT.  '■■orthley,  Pennsylvania  Agricultural  Experiment  Station,  State 
College. 

I.     Seasonal  conditions  and  codling  moth  abundance 

jrom  Januar,-''-  through  October,   1940,  weather  at  Arendtsville  can  be 
characterized  as  cold 'and  wet,    From  March  throu^^h  September,  there  was  an 
accu^nulated  temperature  deficienc:;  of  12.1°      ,  and  an  accumulated  excess 
rainfall  of  5.33  inches.     Of  1600  codling  moth  larvae  that  cocooned  in 
corrugated  stranboard  in  tree-trunk  cages  during  the  summer  and  fall  of 
1939,  90fj  produced  moths  in  the  spring  of  1940,     Seasonal  development  of 
the  codling  moth  was  about  a  week  later  than  in  1939.    Heavy  first  brood 
infestations  followed  lax  spray  "orograras.     ''arm  evenings  during  the  second 
and  third  weeks  in  August  favored  flight  and  oviposition  of  first  brood 
moths,  and  was  followed  by  an  increase  in  "stung"  awles.     V/orminess  in- 
cre;->,sed  wherever  arsenical  deposits  remaining  from  earlier  sprays  were 
deficient.     Observed  dates  of  codling  moth  occurrence  in  1940  were  as 
follows: 

State  College  Arendtsville 
(Central)        (S.  Central) 

Spring  moth  emergence  -  began  May  29*  May  18 

-  50^0  June  15*  June  9 

-  ceased  July  1 
First  larval  entrance  into  fruit  June  5 
Earliest  mature  1st  brood  la, rvae                                                             July  5? 

First  generation  emergence  -  began  July  19 

-  5ci  August  9*  August  1 

-  cea-ed  Se-ot,  3 
Last  moth  in  bait  pails  Sept.  4              S^pt,  18? 

*As  judged  by  bait  pail  catches 

III.    Results  of  control  experiment s 

A.     Control  by  insecticides 


(l)    Lead  arsenate:     Included  in  a  setup  of  25  treatments,  9  spray' 
mixtures  were  tested  for  codling  moth  control  in  first  brood  spray  schedul-es*  . 
Single  tree  plots  were  randomized  within  5  replicated  bloc-ks  in  an  orchard 
of  mature  Stayman  VJinesap  trees.    Under  these  circumstances  all  the  arsenical - 
mixtures  gave  a  high  degree  of  control  of  first  brood  larvae,  but  the  ab- 
breviatec'  "high  deposit"  schedules  presented  such  reduced  deposits  by  .august 
that  only  partial  control  was  obtained  of  larvae  resulting  from  moth.  eiiiergerKJ-e 
in  other  trees  in  the  test  block,  on  wM  ch  inadequate  first  brood  control 
was  obtained.     Inverted  spray  mixtures  containing  lead  arsenate  at  6  pounds 
per  hundred  gallons,  and  a-nplied  at  double  the  usual  dosage  in  the  second 
(final  poison)  cover  spray  on  June  12  produced  from  57  to  65  percent  clearu  , 
fruit  and  from  17  to  27  worms  per  hundred  apples  in  counts  involving  both  ,  -- 


dropped  and  picked  fruit  (table  1,   treatments  2-5,  7-9).     Lead  arsenate  at 
3  pounds  per  hundred  gallons,  and  applied,  at  usual -dosages  in  5  cover  sprays 
ending  on  JmIif  16  (table  1,  treatment  l),  gave  no  higher  percentage  of  clean 
fruit  and  no  better  protection  against  first  brood  v;orm  entries,  although 
this  treatiiient  recuired  3  more  spray  applications  and  nearly  t'-dce  as  much 
spray  material  (compare  treatments  1  and  2,  table  I),    Koi^rever,  the  late 
apDlications  protected  the  fruit  against  the  attack*  of  second  brood  larvae, 
so  that  counts  of  the  total  crop  showed  about  one-third'  as  many  worms  at 
harvest  as  in  the  "dynamite"  treatments. 

(3)  Other  inorga.nic  materials:     Cryolite  at  6  pounds  p'er  hundred 
gallons  was  tried  in  a  "dynamite"  mixture  (table  1,   treatment  6),     In  com- 
parison with  treatment  2  it  showed  6  times  as  many  vrorms  on  July  23  and  3 
times  as  many  at  harvest. 

The  spray  mixtures  used  appeared  to  have  little  or  no  effect 
on  spray  injury  to  the  fruit,  or  on  fruit  drop.     In  some  treatments,  however, 
the  foliage  showed  extensive  injury  in  late  summer,  of  the  sort  attributed 
to  soluble  arsenic,  '  Counts'  of  the'  injured  foliage  were  made  from  September 
12  to  16,  the  samples  comprising  100  consecutive  leaves  on  branches  selected 
at  random  in  each  quarter  of  every  tree.     The  third  cover  spray  of  Bordeaux 
mixture,  apr)lied  in  treatments  ^:-9  on  July  16,  was  evidently  too  late  to 
afford  more  than  partial  protection  against  this  injury. 

(4)  Organic  materials:    'Various  substitutes  for  inorganic  poisons 
were  tested  in  2  second  brood  ap'olicatio  ns  to  young  Home  Beauty  trees  inter- 
planted  with  peach,  and  shovring  considerable  damage  from  first  brood  codling 
moth  attack.     Single  tree  plots  were  used,  9  treatments  being  randomized 
with  5  replicated  blocks.    Table  2. 

The  USDA  formula  for  tank-mixed  nicotine  bentonite  gave  out- 
standing results  (table  2,  treatment  2),  apparently  affording  complete 
protection  against  codling  moth  attack.    However,  the  results  of  this  ex- 
periment must  be  taken, as  suggestive  rather  than  conclusive,  due  to  varia- 
tion in  results  not  associated  either  with  treatment  or  replicate.  G-SI>TSCIDS 
(treatment  l)  and  BLriCK  LliiF  155  COHCENTilaTE  (treatment  4)  appeared  to  be 
about  equal,    iiotenone  in  various  forms  •(  treatments  7,  8,  9)  was  inferior 
to  other  materials.     No  injury  to  fruit  appeared,  nor  any  differences  in 
fruit  drop  associated  with  treatment.    ^  small  percentage  of  the  leaves 
sprayed  ^-dth  C-3i^'SCIDE  showed  light  colored  necrotic  areas  along  the  principal 
vein^. 

IV.     Spray  residue 

Lead  arsenate  remains  the  cheapest  and  most  effective  insecticide  for 
control  of  the  codling  moth  in  Pennsylvania,     '"'ith  tolerances  for  lead  and 
arsenic  at  .025  and  .01  grains  per  pound,  respectively,  it  has  been  im- 
possible to  apply  a  schedule  of  first  brood  s-ora""'s  adequate  to  give  con- 
tinued protection  against  the  partia.l  second  brood  of  larvae,  '-dthout  leav- 
ing harvest  residues  at  a  point  requiring  washing.     It  is  thought  that  the 
increased  tolerances  vrill  allov;  the  use  of  lea;d  arsenate  until  mid-Jul:,?". 
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Table  1.  Pirst  brood  codling  moth  spraying  experiments.  Sta^^man  Winesap. 
Baugher  Orchard,  Aspers,  Pa.,  1940.     Single  tfee  plots.     5  replicates. 


Treat . 
So. 


Schedule  and  materials 
Amts.  per  100  gals,  spray 


Clean 
Fruit 

1o 


'forms  per 
100  apples 

Jul  ;  Har- 
23  ■  vest 


1       L,  arsenate  3#,  lime  sulfur 
1.3  gals,   sk.milk  powd,  0. 5# 
m^ng.   sulf.  4  oz.  6/6,  6/11,* 
6/17,5/27.,  7/16. 
First  cover  spray  as  above  in  all  f ollowi ng  treatments 


59.7  1.1 


6.8 


2nd  cover  L.  arsen,   6#,  (a) 
fuel  oil  1350  ml.,  fish  oil 
450  ml.,  oleic  acid  95  ml. 
(b)  monoethanolaraine  18  ml., 
water  218  ml.  6/l2. 
See  note  1. 


Spray-burned 


Frui  t 

1o 


8.8 


59.1      1.6      20.8  12.0 


Foliage 


49.5 


74.6 


Lead 
Grains 
per  Lb. 


035 


020 


53.4      1.0      21.5  11.8 


3       2nd  cover  as  treat.  2.  3rd 
cover  lime  sulfur  1.3  gals, 
hyd.  lime  3#,  7/l6. 
Third  cover  spray  2-4-100  Bordeaux,  7/16,  in  all  follovring  treatments 


4  2nd  cover  as  in  treat.  2. 

5  2nd  cover  as  in  treat.  2, 
plus  nicotine  suif.  1  pint 

6  2nd  cover  AL0:-lC0  cr-^olite 
(a)  fuel  oil  1419  ml.,  fish 
oil  473  ml.,  (b)  ammonium 
oleate  91  gms.  (c)  zinc  sulf, 
solution  1  qt.   (crystals  23/i? 
Zn,  0. 57r/G-al. ) .     See  note  2. 

7  2nd  cover  L.  arsen.  6#,  Sh-W. 
Summer  oil  Emulsion  1.25  qts, 
SPHSDEIT4I  1  pint,  6/12. 

8  2nd  cover  L.  arsen.  5#, 
OilTHSX  3  pints,  6/l2. 

9  2nd  cover  1.  arsen,  6#, 
SPBaTLASTIC  3  pints,  6/l2. 

0       jJJo  spray  treatment 

Least  sig.  diff.  at  1^  level 


58.0 


1.3      25.9  12.5 


57.5      1.5      20.9  12.7 


46.9      7.1      63.0  15.7 


65.1      1.1      17.0  11.0 


61.1      0.6      22.2  11.8 


57.8      1.1      27.3  10.0 


21.9    59.0    140.3  10.0 


12.4      3.3-  15.7 


70.2 


54.7 


61.0 


32. 5 


40.2 


45.4 


42.5 


14.7 


12.5 


.024 


.017 


.022 


.011 


.028 


.023 


.018 


*Spray  directed  at  tops  of  trees  only. 

Note  1.     (b)  placed  in  1  gal.  water,  (a)  stirred  in.    Mixture  added  to  lead  arsenate 
suspension  in  n^rl^'-  full  tank.    Oleic  acid  in  (a)  omitted  by  mistake. 
liJo te  2.     (b)  and  (a)  handled  as  in  Note  1.     (c)  not  needed;  designed  to  be  adder" 
slowly  to  inverted  mixtures  to  produce  desired  f locculati on;  made  by  mixing  80  gms. 
95^  oleic  acid  and  128  ml.  28;^  ammonia. 
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Table  2.     Second  brood  codling  moth  spraying  experiments.    F.ome  Seaut?'-. 
Heacock  Orchard,  Biglerville,  Pa.,  1940.     Single  tree  T)lots,  6  replicates. 


• 

Treat 

.|  !■  Materials  applied  Aug.  8  and  20. 

Counts  of  all  drop  and 
picked  fruit  at  harvest 

ITo. 

:  Amounts  per  100  gallons  of  spray 

*      m  o  rj  n 

:  Fruit 
:  .- 

■        wu  XiUjr  * 

;     Fruit  ; 

Frui  t 

77 o  T  m  c« 

;   per  100 
siDiDles 

Injury  previous  to  treatment 

55 

13 

28 

.  •  16 

2 

ITicotine  sulfate  1  pint,  'Wyoming 
"bentonite  5#,  soybean  oil  1  qt. 

64 

12 

30 

17 

4 

BLACK  L2AF  155  CO.ICS.'iTH;i.?E  3# 

49 

21  ■ 

41 

26 

1 

GEI«ii;CIDE  2#,  so  drum  oleate  1#, 
mono-hyd.   zinc  sulf,  4,5  oz. 

56 

17 

37 

27 

3 

Nicotine  sulfate  1  pint,  I'Jyoraing 
bentonite  5^,  stirred  together 
the  evening  previous  to  spraying 

52 

19 

39 

28 

6 

I^ICOI^IULSION.  .75  gal-i-^-"       ■  •  ■ 

48 

21 

44 

31 

5 

BLACK  LIAF-  155  CO.iC.  1.5#,  SUII 
Summer  Oil  0. 5f^  pil ; 

21 

38 

33 

8 

Cube  root  (4%^  rotenorie)  3#,  ' 
MO  1  pint 

52 

24 

39 

48 

7 

D-X  1.5  pints  ■ 

44 

27 

46 

53 

9 

SINTONE  (2.8^  rotenone)  1  qt. 

42 

31 

45 

57 

* 

0 

No  second  brood  sprays 

40 

35 

43 

68 

Least 

sig.  diff.  at  1^0  level 

12.1 

13.0 

38.1 

» 


'   C.  J4  SorensoHy  Agricultural  Ss^neriment  Station,  Logan, 

".'ith  reference  to  the  codling  moth  situation  in  this  state 
during  1940,  it  should  "be  said  that  the  winter  season  of  1939-40  was 
rela.tively  mild  and  during  the  growing  season  of  1940,  there  was  suh- 
normal  rainfall  and  high  temperatures  prevailed. 

In  consequence  of  these  seasonal  conditions,   there  v/as  a  high 
winter  survival  of  codling  moth  and  a  considerable  "Duild-up  of  the 
summer  "broods.    Because  of  increased  numbers  during  the  summer,  control 
vras  more  difficult,  necessitating  the  application  of  from  one  to  two 
additional  cover  sprays.     In  orchards  which  vj-ere  not  adequately  spraj^'ed, 
considerable  damage  resulted.. 

Ho  investigationa.l  work  has  been  done  at  this  Station  during 
recent  j^ears  i«dth  reference  to  the  biology  of  the  codling  moth.  Neither 
have  any  experiments  been  performed  for  its  control. 


VIEG-IHIA  '  • 

i'i.  L.  3obb,  Piedjnont  Truit  Research  Laboratory,  Virginia  Agri- 
cultural iHlxperiment  Station,  Clip.rlottesville. 

I.  Seasonal  Conditions  and.  Codling  I'oth  Abundance. 

Emergence  of  spring-brood  codling  moths  began  on  i-iay  8  which  is 
the  latest  starting  date  of  emergence  since  19-35.     The  moths  emerged 
rapidly  and  the  peak  of  emergence  occurred  from  May  16-20.     Some  unusual 
condition  seemed  to  lower  the  resistance  of  the  larvae  to  arsenical  sprays  ■ 
with  the  result  that  fruit  from  ^-'ell  sprayed  orchards  shovred  less  worm 
injury  than  for  several  years,  while  on  the  other  hand,  fruit  from  un- 
sprayed  or  poorly  sprayed  orchards  was  moderately'-  to  heavily  injured  by 
the  codling  moth. 

II.  ■  Hesults  of  2jxperiments.  .        •  , 

B.     Control  by  means  other  than  spraying. 
1.    Bait  trap  studies. 

The  tests  of  baits  for  use  in  codling  moth  traps  were  continued, 
but  only  five  materials  were  tested.    As  in  previous  years,   quart  oil  cans 
v/hich  were  painted  inside  and  outside  vdth  aluminum  paint  were  used  as  traps 
After  being  filled  with  the  desired  solution  the  traps  vrere  suspended  from 
a  stout  limb  in  the  uoiDer  third  of  each  tree  in  the  test  blocks.     The  basic 
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solution  consisted  of  stock  sirnxg  ("barrel  molasses)  at  the  rate  of  1  part 
to  20  parts  of  ^'ater.     The  attraiients  were  emulsified  with  a  5  percent 
mixture  of  "bentonite  in  water  and  were  added  to  the  "basic  solution  at  the 
rate  of  1  cc.  per  trap.     The  tests  were  conducted  from  May  9  to  July  25. 

Of  the  five  materials  tested;  namely,  anethol,  calamus  oil,  geranium 
oil,  lemon  oil,  and  stock  syrup  alone,  anethol  captured  approximately  twice 
as  many  moths  as  the  next  "best  material  (lemon  oil).    Irsrps  containing 
calamus  oil  in  the  basic  solution  of  molasses  captured  the  least  num"ber 
of  raoths. 

jlx-oeriments  on  the  use  of  "bait  traps  as  an  aid  in  controlling  the 
codling  moth  were  made  in  the  same  large  ■'Jinesap  orchard  in  w/iich  like 
tests  were  made  in  1939.  '  A  square  block  of  100  apple  trees  was  selected 
in  the  center  of  the  orchard  and  a  trap  was  suspended  in  the  upper  third 
of  each  tree.    The  traps  were-  of  the  quart- tin- can  t'^qpe  and  each  '«ras 
filled  ^-dth  a  bait  coasisting  of  1  part  of  stock  syrup  to  20  parts.,  of 
water  i^lus  1  cc.  of  anethol  per  quart  of  solution.     The  traps  were  put 
up  when  the  spring-^brood  moths  began  to  emerge  and  were  continued  in 
operation  until  after  the  emergence  of  second  brood  raoths,  or  until  late 
September.    Approximately  every  three  weeks  the  ba.it  in  the  traps  v/as 
replenished  and  at  -the  beginning  of  each  brood  of  moth  emergence  the 
traps  were  emptied  and  refilled  with  fresh,  bait  mixture. 

Four  trees  in  the  center  of  the  baited  block  and  one  tree  on  each 
side  of  the  baited  block  five  rows  out  in  the  unbaited  sections  were 
selected  to  be  used  for  fruit  counts  at  harvest.    All  drops  beneath  the 
trees  from  July  1  to  harvest  v/ere  picked  up  and  scored.    All  apples  picked 
at  harvest  were  likewise  scored.    All  trees  on  which  counts  were  made  bore 
amoderate  crop  of  fruit.     See  table  below. 


Items 

Picked 

fruits 

Drop 

f  rui  t  s 

.  Eaited 

X'lOt 

baited 

Baited 

Not 

baited 

Total  apples 

4644  ■ 

3817 

61 

75  . 

Percent  clean 

96.96 

89.23 

93.44 

52.00 

Percent  stung 

2.91 

8.54 

3.28 

2.67 

Percent  vjormy 

0.13 

2.23 

3.28 

45.33 

Percent  increase 
in  clean  fruit 

7:73 

41.44 

Average  percent  increase 
drop  f  rui  ts) . 

in  clean 

fruit  was  8.41 

(includes  picked  and 
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VIH&INIA 

S.  Hough,   vfinchester  Research  Laboratory,  Virginia  Agricultural 
Experiment  Station,  I'/inchester. 

Codling  moth  injury  in  commercial  orchards  xvas  greatly  reduced  due 
to  the  cool,  wet  weather  that  prevailed  during  May,  June  and  August.  On 
the  other  hand,  injury  was  ahout  normal  on  unsprayed  trees. 

Summary  of  the  exiperimental  results  is  given  in  Tables  1  and  2. 
The  results  include  examination  of  the  drops  from  July  until  harvest  time 
and  random  sampling  of  the  picked  fruit» 

Sach  plat  in  Table  1  included  two  trees  of  the  Stayman  variety  and 
three  trees  of  the  King  David  variety.     The  varieties  were  located  in  dif- 
ferent sections  of  the  orchard.     The  plats  of  Table  2  were  in  Latin  squares 
of  twelve  trees  per  square.     Each  plat  ^as  replicated  for  each  variety  and 
the  nicotine  plats  alternated  with  the  arsenical  plats. 

Ifaere  lead  arsenate  was  used  alone  (Plat  9)  or  with  bro^'m  sugar 
(Plat  lO)  severe  defoliation  occurred  especially  on  the  King  David  variety, 
^'oliage  injury  was  so  severe  in  Plat  10  that  it  was  necessary  to  discon- 
tinue brown  sugar  after  the  fourth  cover  spray. 

The  light  Bordeaux  mixture  and  the  zinc  correctives  listed  in  Plats 
11  to  15  greatly  reduced  arsenical  injury  on  the  foliage.    The  zinc  correct- 
ives, however,  were  slightly  less  effective  in  the  reduction  of  arsenical 
injury  and  in  the  case  of  zinc  sulphate  there  appeared  to  be  a  tendency  to 
alter  the  effectiveness  of  the  lead  arsenate  similar  to  the  effect  observed 
in  other  seasons. 

Santhone  (Plat  8)  applied  at  intervals  of  ten  days  during  the  period 
of  activity  of  the  first  and  second  broods  compared  favorably  v/ith  lead 
arsenate  (Plat  9)  in  total  injuries  but  the  percentage  of  wormy  apples  was 
doubled  on  each  variety  where  Xanthone  was  used,    a  slight  purple  stippling 
developed  on  the  foliage  and  to  some  extent  on  the  fruit  of  the  King  David 
variety  where  Xanthone  was  used,  but  the  effect  was  of  no  practical  im- 
portance. 

Heduction  of  lead  arsenate  to  two  pounds  in  the  fifth  and  sixth  cover 
sprays  containing  rotenone  (Berako  Pruit  Spray)  increased  the  percentage  of 
wormy  apples  on  trees  where  the  fruit  had  been  unusually  clean  up  to  that 
time. 

Oil  injury  was  evident  on  the  fruit  in  Plat  6. 

ivTicotine  in  all  schedules  gave  excellent  control  and  the  condition 
of  the  fruit  and  foliage  was  excellent. 

Copper  injury  was  conspicuous  on  the  foliage  in  Plats  "L"  and  "L-". 
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The  increased  tolerpnces  for  le?d  and  arsenic  ^-.rill  perait  the  use 
of  lead  arsenate  in  all  orchards  through  the  rairdle  of  Jul:^',  hut  in  heavily 
spraved  orchards  it  will  "be  necspsar^?" 'to  continue  i-'-ashing  the  fruit  where 
the  USUS.1  practice  is  to  apDly  a  lead  arsenate  cover  sprav  against  the 
second  orood -in-late  July  o-r  ' early  August..  ■  ;r,..;.. 


Table  1.-  P.esults  of  'experiments  at  '.Winchester,  Va. 


Per 

cen 

t  injury  ^ ■ : 

■-■  Lec^d 

re  si 

d 

ue 

Plat 

Spray  progra:~;  and  amount  of  insec- :  Sta3"man 

King  David: 

A=. 

\ 

1 
/ 

1^0  . 

ticide  per  100  gallons.  /.:varie 

ty 

.  variet  y  : 

Stay::ian 
vari""e  ty 

nine 

V£ 

r 

Javid 
iet-- 

L^ad  arsenate  3  Ihs..  and  a  sulfur  '  ' 
,  fungicide  in  calyx  &  1st  cover             ,  .      .            ;  -  ■  ■  ■ 
sorav's  in  all  plats. 

T 

J. . 

Black  Leaf  155  ^'k  cc  Orthol-K  2  qts. 
in  7  covers  ending  Aug.  13. 

1. 

7 

.     14.0  ■ 

.025 

.Q2B  . 

o 

iiOu-ij-ieG.  jpa.a.c.:^.  ajeaz  i<-/0       cc  ur3j._o±— 
It-  2  qts.  in  7  covers  ending  i-ug.  13. 

1 

D 

9.1 

.022 

,027 

3. 

Bla,ck  Leaf  155  Concentrate  1  l/27f  5: 
Orthol-Z  2  cts,  in  7  covers  ending 
Aug.  13. 

2. 

.034 

.023 

4. 

Black  Leaf  155  Concentrate  3#  5:  "bent- 
onite  2#  2nd-4th  covers  &  Black  Leaf 
155  Concentrate  1  l/2#  &  Ortliol-Z  2  q_ 
5th-8th  covers  ending  -^ug.  13. 

t  s  • 
2. 

w 

4.9 

.622 

.023 

^  • 

Black  Leaf  155  Concentrate  3w  & 
Orthol-K  1  pt.  in  7  covers  en6An.g 
Aug.  13.  ^ 

2. 

7 

5.0 

.011 

.024 

5. 

She rt-rin- 'villi am s  nicotine-oil  emul- 
sion 1  gal.  in  '7  covers  ending 
^ug.  13.   • 

2. 

5 

3.4 

.019 

.019 

7. 

DX  1  pt.  in  1st, 3rd, 4th, 5th  covers, 

1  1/2  pts,  in  2nd      5th  covers.  FdHAsO/l 

3^  2nd,  3rd  &  5th  co'/ers  cc  2#  4th  & 

5th  covers. Sth  cover  ending  —ug.  S.  7. 

14.2 

.107 

.162 

8. 

Cenicide  2ir,  sodium  oleate  l7f  &  zinc 
sulfa.te  4  1/2  oz.  in  2nd-7th  covers 
ending  ^vugust  13. 

• 

S 

IS. 2 

.025 

.  C  28 

9. 

Lead  arsenate  Zr  in  2nd  to  5th 
covers  ending  August  9. 

14. 

■J 

9.5 

.125 

.167 

10. 

PbH^sO/L  3#  2nd-6th  covers,   sugar  167f 
2nd- 4th  covers,  lime  Zr  5th  cover  & 
2-4-100  Bordeaux  in  Sth  cover  end- 
ing August  9. 

16. 

4 

2.8 

.096 

.180 
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Ta'cle  1  -  Continued 


Plat      Spray  progra-Ti  and  amount  of  insec-; 
No.      ticide  per  100  gallons 


Percent '  injur,^" 
Stayraan  King  David 
var  i  e  t y      var  i  e  ty 


Lead  residue 
(gr./ll3.) 

Sta:',nnan  King  David 
variety  variety 


11.  PbEasO^  3#,  1/2-1-100  Bordeaux  1st  to  '  ■ 
6tli  covers.  Sherv7in-*'/illiams  medium 

oil  3  Q,ts.  2nd  co\-er  &  S-W  light  oil 

3  qts.  3rd-6th  covers  ending  Aug.  9.  3.0 

12.  Same  as  Plat  11  except  medium  oil 

was  used  in  2nd  to  5th  covers.  4,3 

13.  Pl)aAs0^  3#,  lime  If  &  zinc  sulfate 
l/2#  in  1st  to  5th  covers  ending 

Au^;ust  9.  14.7 

14.  PhHAsO^  3#,  lime  2#  &  zinc  sul- 
fate 1#  in  1st  to  6th  covers 

ending  August  9.  12.9 

15.  PhEAsO^  3#,  lime  1#  (5:  zinc  oxide 
l/2#  in  1st   to  6th  covers  ending 

August  9.      •  9.5 

16.  Black  Leaf-40  3/4  pt.  2nd-3rd  covers." 
PbHAsO^  3#  lst-4th  covers  &  2^  in 

5th  &  5th  covers.  BeraJ'^o  ^'ruit- 

Spray  1  qt.  4th-6th  covers  ending 

August  9.  13. 7 


6.4 


7.2 


24.2 


19.4 


.0.1 


.180 


.230 


.110 


.080 


093 


.240 


,257 


.160 


.130 


.134 


13.7 


.099 


.095 


Checks,  not  sprayed  after  calyx. 


92.1 


67.3 


.010 


,007 


Table  2,  - 


--esalts  of  ab oreviatec.  schedules  emplo;-/ln§  nicotine,  '.Winchester,  Va. 


3pra.7  prograir.  a.id  amount  of  insecticide 
per  100  gallons. 


Percent 


Variety 


Lead  arsena,te  3  lbs.  5;  Sulfix  sulfur  d  lbs 
in  cal;7x  and  1st  cover  all  -'plats.  


Total  :  'v'orm; 
injured:  


Le.-d 
residue 
(gr/lb) 


Plat  (5-1) 

Black  Leaf  155  4#  in  2nd-3rd  and  5th 
&  6tn  covers. 

Oil  emulsion  3  qts.  in  2nd-4th' covers 

&  2  ojs.  in  5th  5;  5th  covers. 

Black  Leaf-40  3/4"  pt.  In  2nd-4th  covers. 


Delicious 


4.9  0.95 


Plat  (3-o) 

Black  Leaf  155  Concentrate  4#  in  2nd- 
3rd  covers,  2  l/2f^  in  4th  cover  &  1  l/2# 
in  5th  8c  5th.  covers. 
Oil  emulsion  3  qts.  in  2nd  to  4th 
covers  cz  2  ats.  in  5th  8t  5th  covers. 


Delicious 
King  B'a^id  3.0 


0.85 
0.03 


.015 


King  David      3.4       0.25  .027 


.011 
.021 


Plat  (L-) 

Lead  arsenate  3#  in  2nd  to  oth  covers. 
2-4-100  Bordeaux  in  2nd  to  5th  covers. 
Spravlastic  1  pt.  in  2nd  to  Sth  covers. 


Delicious      10.3  0.8 


.098 


King  David    10.4        0.55  .145 


Plat  (L) 

Lead  arsenate  3#  in.  2nd 
2-4-100  Bordeaux  in  2nd 

to  Sth  covers . 
to . 5th  covers . 

Delicious 
King  David 

7.2 
8.2 

0.7 

0.04 

.160 
.180 

Checks,  not  sprayed  after 

cal3^x 

King  Da'^id 

92.1 
67.3 

92.1 
37.1 

.010 
.007 

iTote:  Jate's  for  above  spravs:  calyx,  i-.ay  15-13;  covers  on  Ma.y  30-31, 
June  13,  21,  29- July  1^  July  24  and  august  8. 
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VIEOINIA 

A.  M.  Woodside,  Virginia  Agricultural  Experiment  Station  (Staunton 
Pield  LalDoratory) ,  Staunton. 

I.  Seasonal  Conditions  and  Codling  Koth  Abundance. 

Emergence  of  spring-lirood  raoths  "began  in  the  insectary  on  Viay  14, 
slightly  later  than  the  average  date.    Moths  first  ap'^oeared  in  bait  traios 
on  May  15-.     Insectary  emergence  reached  a  peak  on  Kay  19,  and  the  maximum 
catches  in  bait  traps  were  on  Iiay  21,  with  a  period  of  heav7;-  flight  con-  . 
tinuing  through  the  first  week  of  June.     Total  emergence  --ras  somewhat 
lighter  than  in  1938  and  1939.    Maximum  oviposition  in  the  insectary  took 
place  June  3-6.    Hatching  in  the  orchard,  as  evidenced  by  the  number  of 
stings  and  entries  on  small  trees,   reached  a  pe.ak  about  June  21,  with  a 
secoiid  unexplained  peak  on  July  2.     'weather  during  May  and  June  v^as  genera! 
ly  favorable  to  the  codling  moth,  except  for  a  period  of  eleven  days  begin- 
ning on  June  8  when  ra^in  fell  ca.iiy.     In  spite  of  generally  favorable  con- 
ditions the  infestation  was  lighter  than  for  the  past  three  years.  Flight 
of  first-brood  moths  reached  a  peak  about  the  end  of  July.     Stings,  and 
entries  maintained  a  fairly  uniform  level  through  the  last  half  of  July 
and  in  August,  with  a  peak:  on  iiugust  19.     Hainfall  during  these  two  months 
vjas  more  than  double  normal,  and  aided  greatly  in  reducing  damage.  Losseis 
from  the  attacks  of  codling  moth  were  much  lower  than  for  the  past  three 
seasons.     There  was  no  third  brood,  and  the  population  of  hibernating 
larvae  is  lower  than  at  ajiy  time  in  the  past  seven  years. 

II.  Studies  on  codling  moth  behavior. 

To  determine  to  what  extent  codling  moth  larvae  might  be  hibernat- 
ing on  the  ground,  cheesecloth  cages  were  constructed  under  three  apple 
trees.     Each  cage  covered  one-fourth  of  the  area  beneath  the  tree,  but 
excluded  the  trunk.    The  soil  under  the  first  tree  was  almost  bare,  that 
under  the  second  bore  a  moderate  cover  of  grass  and  poison  ivy,  and  that 
under  the  third  wa,s  bare  of  vegetation,  but  had  a  h^  vy  cover  of  dead 
leaves. ■  On  the  first  tree  147  larvae  had  cocooned  in  1939;  on  the  second, 
121;  and  on  the  third,  100.    One  moth  emerged  in  each  of  the  first  two 
cages,  none  in  the  third.     Codling  moth  larvae  placed  under  these  cages 
pupated  and  emerged  as  readily  as  did  others  placed  outside,  although 
they  did  so  slightly  later. 

III.  Eesults  of  Control  Experiments. 

B.  Control  by  other  means  than  sioraying. 

1.    Bands.     The  catch  in  bands  was  very  low.     It  is  doubtful 
if  the  results  this  season,  even  in  heavily  infested  orchards,  justified 
the  expense  of  their  use.    iJumbers  of  larvae  elsewhere  on  the  trees  were 
correspondingly  low.    A  block  of  100  apple  trees  in  a  moderately  infested 
orchard  was  banded  and  a  bait  trap  filled  with  molasses-water  mixture  1-20 
and  with  1  cc.  anethol  added  to  each  quart  ]pail  was  placed  in  each  tree. 
The  fruit  from  the  banded  and  baited  block  contained  2.5  worms  and  22.9 
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total  injuries  per  100  fruits.,  -  while  that  from  the  sijirro-onding  area  con- 
tained 5.2  worms  and  45.1  total  injuries  per  100  fruits.    Aside  from 
handing  and  halting  the  treatment  was  the  same  throughout  the  orchard. 

■    ''S."  Bait  pails  were  -olaced  in  each  of  100  ap-ole  trees  in  a 
heavily  infested  orchard.  -  The  bait  trap  Consisted  of  a  cruart  oil.  can 
filled  ^-d'th  a  mixture  of  one  part  of  molasses  and  20  parts  of  water. 
To  each  can  was  added  1  cc.  of  anethol  emu.lsified  with  hentonite.  ^he 
liquid  was  replenished  as  it  evaporated  or  spilled.'    'Tien  first-hrood 
moths  hegan  to  emerge  the  cans  were  emptied  and .refilled.    Aside  from 
the  hait  traps  the  treatment  of  the  :  orchard  was  unifo'iTn.  :  There  were 
5.5  worms  sjid  23.2  totp.l  injuries  per  100  fruits;  in  the  'oaited  block 
and  7.2  worms  and  50.0  total  injuries  per  100  fruit  s  outside  this  block. 


rl.  L.  'vVDster,        J.  O'Ueill,  and  Herman  Fallscheer, 
' '-Washington  Agricultural  Zzperiment  Station,  Fullmsxi  and  ''renatchee, 

^'     Seasonal  Conditions  •.  : 

Temperatures  for  August  and  September  at  ^natchee  were  above 
normal,  conducive  to  a  great  deal  of  worm  activitj  imnediately  previous 
to  harvest,     l-^ean  temperature  for  August  was  73.4,  i^^hich  was  1.08  degrees 
above  normal;  for  September  37.9,  whd  ch  was  6.5  degrees  a.bove  noriTxal. 

II.  Studies  on  Codling  Moth  Biology  or  Behavior.  -   ■  v: 

Again  an  attempt  was  made  to  determine  the  correla.tion  between 
peaks  of  moth  activity -in  spring  and  peaks  of  worm  entrance  as  it , occurs 
several  weeks  later.     In  1S3-9  the  peak  of  worm  entrance,  as  measured  by 
the  removal  of  wormy  apples  every  two  -days ''on  uns"rjrayed^  Jonathan  trees, 
was  between  25  and  30  days.     In  1940  the  interval  was  "shorter,  and  the 
peak  of  wormi  ent'rance  occurred  about  10-12  da^^s  foTlowing  the  peak  of 
overwintering  moths  caught  in  bait  traps.      ' ., 

III.  Results  of  Exiperimental  V/ork  .  - 

A.     Control  by  insecticides. 

(3)    Other  inorganic  materials.      ;  ' 

'  Detailed  studies  on  the  ovicidal  value  of  mineral  oil  for 

codling  moth  were  conducted  during  the  summer  of  1940,  at  0.5  percent 
concentration.    A  55  viscosit:;-  oil  was  foujid  to  have  fully  as  m.uch 
ovicidal  value  as  an  oil  with  a  viscosity  of  65^  or  77  Saybolt.  Previous 
investigations  had  indica^ted  a  lower  ovicidal  value  for  oils  with  a  vis- 
cosity of  55, 
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A  comtination  of  rotenone-lead  arsenate-stove  oil-raultifilm  and 
soap  was  tried  out  in  1940,  following  the  report  of  the  use  of  such  a  com- 
bination in  1939  >»y  a  successful  grower.     Sixty  percent  of  the  harvested 
fruit  vras  wormy. 

(4)    Organic  materials. 

(a)    Fixed  nicotine.     Investigations  ^dth  nicotine  bentonite 
in  the  experimental  orchard  corroborate  results  of  1939,  which  indicated 
that  codling  moth  control  where  1  pint,  3/4  pint,  and  1/2  pint  nicotine 
sulfate  per  100. gallons  was  utilized,  was  in  c^irect  -jroportion  to  the 
quantity  of  nicotine  used.    Analysis  showed  tlia.t  nicotine  residues  also 
corresponded  to  the  concentration  used.    The  1939  results  indicated  that 
the  deposit  of  not  less  than  34  micrograms  per  square  inch,  maintained 
throughout  the  season,  was  necessary  to  control  the  codling  motii  in  the 
heavily  infested  ''^enatchee  district. 

(c)    Xanthone.    a^pplications  of  this  material  during  the 
early  cover  sprays  resulted  in  some  little  foliage  injury.    Later  appli- 
cations did  not  aggravate  the  injury.    Xanthone  sprays  did  not  give  the 
outstanding  control  exhibited  the  previous  season,  though  the  control  ^ras 
equal  to  the  check  plots  of  TiOdified  inverted  lead  a.rsenate. 

B.     Control  by  Keans  Other  than  Spraying. 

(2)    Baits  ajid  Lights. 

Three  blocks  of  grafted  Delicious  trees  in  the  experimental 
orchard  at  ■iTenatchee  vrere  utilized  for  some  experir:ents  with  light  to 
attract  the  codling  moth.    All  trees  received  the  regular  cover  sprays, 
utilized  commercially  elsewhere  in  the  orchard.     In  Block  ^,  consisting 
of  10  untreated  trees,  there  were  39.3/^  wormy  apples.     In  Block  3,  pro- 
vided with  two  monolites,  there  were  39.4/&  wormy  apples.     In  Block  C 
consisting  of  15  trees  with  two  monolites,   there  were  35.6/5  wormy  apples. 
Drops  and  harvested  fruits  were  included  in  these  counts.     It  did  not 
appear  that  any  advantage  was  obtained  in  this  case  by  the  use  of  the 
lights  in  these  two  blocks. 

Lights  were  relatively  inefficient  during  the  -period  of 
first  brood  activity  as  compared  to  bait  traps  established  elsewhere 
in  the  orchard.    Apparently  the  bait  traps  function  during  the  period  ■- 
of  moth  activity  at  dusk,  before  the  lights  begin  to  attract  the  moths. 
Because  of  lovr  temperatures  immediately  after  sunset  in  early  spring,  the 
monolites  attracted  few  moths  during  that  period. 

During  the  summer  time  moth  catches  at  the  lights  were 
high,  but  it  was  felt  that  these  high  catches  vrere  in  r  l^vge  measure 
a  result  of  the  inefficiency  of  the  traps  earlier  in  the  season. 
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17.     3-pra7  re  si  clue 

A,     Effect  of  tolerance  chang'es  on  the  local  ^roolem. 

In  spite  of  the  increase  in  le?d  anci  a.rsenic  toler'^.nce?,  most 
lots  of  fru.it  srjra^ed  thjrou.-ghout  the  season  t-dth  lead  arsenate  in  co:^- 
mercial  combinations  still  reonire  tandem  cashing  nachines  to  effect 
comiuercial  cleaning.     A  reduction  in  t emperat'ire  of  the  "as-^ing  solution 
has  £'enerall7  "been  effected,  hovrever.     Certain  lots  of  fruit  when  '-cashed 
at  rediced  temperature,  however,  sho^-red  visicle  residue  even  though  the 
lead  residue  '-'as  "below  the  .05  tolerance.    Pruit  spra,red  >dth  cryolite  in 
the  late  cover  siDrp.ys  required  a  severe  wa,shing  'orogram  ^frhere  more  than 
three  cryolite  sprars  vere  used. 


ViTISCC-jSII^^ 

John  s^.  Callen"b8,ch,  '■.'"isconsin  ^--gricuiturpl  Zxperiment  Station, 
.  I^:iadison,    _     .  ■•  • 

■  ^v*.  ■  Seasonal  conditions  a.nd  codling  .noth  abundance  durL-ig  the  1940  season . 

.    . ,-       ^A.s  tudy,- made,;  several  7ea,rs:  ago  of  the  influence  ,  of -weath  er  on 
"  codling' rnoth  abundance  in' southwestern  l"i  scons  in  indicated' that  seasons 
which  approa.ched  t^e-  monthly  average  for  Hay  -  August,  inclusive,  -'/ere  ; 
light  codling  moth  years.     These  average  seasons  usua,lly  have  a  cool 
wet  spring  and  heavy  rainfall  in  the  latter  -oart  of  -iU:^iL3t.   ,  The  1940  : 
season  approached  these  average  coiiditions  and  cooling  moth  infestations 
were  generally  light. 

Iv'ore  codling  moth  injur:'  ■'•^as  reported  than  w-^g  warranted  tj  the 
coc.ling  moth  abun(3a.nce.     This  is  proba/oly  explained  by  failure  of  gro'-'ers 
to  TDroperl-r  time  their  codling  moth  sprays.    The  193S  season  was  10  days 
to  two  weeks  ahead  of  the  average  and  man:""  gro-^^ers  who  did  not  employ 
bait  pans  or  other  timing:  methods  based  their  1940  spray  schedule  on  the 
1939  schedule. 

III.     Results  of  control  studies. 

These  investigations  were  greatlv  curtailed  by  lack  of  sufficiently 
heavy  infestation. 

i..     Control  by  insecticides. 

(l)    A.  stud'"  on  the  use  of  stickers  and  spreaders  ^'ith  lead 
arsenate  has  been  undertaken  out  results  are  not  yet  vail. -^ble. 

(4)     In  1940,  five  series  of  -olots  in  three  different  orchards 
were  applied  but  only  one  series  j^-i elded  significant  data.     The  experi- 
ment si  set-up  for  this  series  was  as  follows: 
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The  variet:''  used  vas  Kelntosh,   the  trees  a  "bout  20  years  old  and 
in  excellent  condition.     Plots  were  coinposed  of  4  trees  each^^  the  trees 
"being  randomly  placed,  generally  2  trees  together.     The  sprays  vrere 
applied  wxth  a  Bean  Ho.  33  self-propelled  spraj'er.    A  pressure  of  325 
pounds  was  maintained.    A  Hamilton  gun  >/ith  approximately  a  l/lS" 
apec  ture  in  the  disc  was  used.    Approximately  10-12  gallons  per  tree  was 
applied.       ,   ■  ■  - 

.  Talkie  I;.-  Inclntosh  Plots  at  Sunrise  Orchards,  Gays  aills,  >-isconsin, 
•    ...  1940. 


Plot 


Treatment 


I\)0.     ;   p        ;  Stings  ;   7orms  ;  fo  Stings 


1 

Lead  arsenate  2-100 
Lime  2-100 
Dried  milk  1-100 

514 

84.0 

111 

21.6 

19  3.7 

25.3 

2 

Black  Leaf  155  4-100 

560 

86.4 

81 

14.5- 

41  7.3 

21.8 

3 

Black  Leaf  155  cone.  3-100 

450 

83.6 

58 

15.1 

35  7.8 

22,9 

4 

Greajn  of  Agieide  1-400 

690 

86.2 

101 

14.5 

52  7.5 

22.1 

5 

Agicide  (DC-d-S)  4-100 

475 

79.5 

87 

18.3 

6I12.B 

31,1 

6 

''"^otano-H  8-100  , 

610 

87.4 

70- 

11.5 

50  8.2 

19.7 

7 

'  Bdtano-pL  8-100     ,  . 

620 

81.4 

105 

16..  9  : 

9715.7 

32.6 

8 

ITico-Sol  powder  1-100 
ITico-Sol  1-200 

550  ■ 

..  84.0 

•  115 

20.9 

45  8.2 

29.1 

9 

Black  Leaf  155  4-100 
Summer  oil  1-200 

750  ... 

9  u .  o 

59 

7. 9 

35  4.7 

•  12.  B 

10 

2-IcConnon  il4-Y-2,  3/4  pt.-lOO 

420 

80.7 

71 

15.9 

.  56  13.3' 

30.2 

11 

KcConnon  115- J-1,  3/4  pt.-lOO 

455. 

80. 0 

106 

23.3; 

45' 9.9 

33^2 

McConnon  114- Y-2,  3/4  pt.-lOO 

12  ^Sum:-;er  oil  1-200 

13  Black  Leaf  155  8-100 


675  38.0  95  14.1  35  5.2  19.3 
620   ;  88.7      51    9.3    42  5.8  16.5 


^ote:  Plots  1-9.  sprayed  August  ' 8,-  Plots  10-13  sprayed  Aug^ast  9 
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The  test  materials  may  te  -cl-^ced.  in  three  gener^il  categories:  (i) 
those  containing  lead  arsenate  as  the  toxic  agent,  (2)  those  cont^-ining 
a  fixed  nicotine,  and  (3)  those  containing  rotenone.     Bach  of  the  latter 
two  may  he  suhdivided  into  those  used  alone  and  those  used  in  co:^:hin&tion 
with  a  summer  oil. 

The  results  may  he  summerized  as  follovrs: 

1.  Lead  arsenate  and  fixed  nicotine  gave  ahout  equal  control  while 
rotenone  nas  generally  inferior. 

2.  Addition  of  a  summer  oil  increased  the  effectiveness  of  nicotine 
and  rotenone  sprays  (Hico-Sol  failed  to  give  the  suioerior  results  o  DtaiiB  d 
last  year.) 

3,  Lead  arsenate  gave  su'^erior  worm  control  hut  allo^:red  a  greater 
number  of  stings,  while  nicotine  reduced  the  number  of  stings  but  alloT^red 
the  number  of  worms  to  increase. 

4,  Oil  again  reduced  the  bloom  on  hclntosh  but  not  to  as  great 

an  extent  as  last  year.  This  is  a  serious  objection  to  the  use  of  a  summer 
oil  (on  h'clntosh  in  '/iscoiisin; . 

IT.     Spray  residue. 

A.  Tolerance  changes  rave  practically  elim.in'?,ted  the  residue 
problem  in  V'isconsin  insofar  as  toxic  residue  is  concerned;  visible 
residue  still  remains  a.  problem. 


CAiNTAIlA 

G-.  G-f5rlick,  Dominion  Entomological  Laboratory,'',  Vineland  Station, 
Ontario. 

I .     Seagonal  Conditions  and  Abundance 

As  a  general  statement  it  may  be  said  the  sprin?:  was  very  back-zard, 
follovred  by  many  rains  and  often  cool  tempera^tures.     As  a  result  injury?' 
appeared  later  than  usual  and  the  -oroioortion  of  stings  was  rather  high. 
There  was  a  Iprge  carry-over  from  1939.     5ait  pail  records  showed  that 
SOfo  of  the  season's  catch  was  spring  brood  moths  and  that  the  total  moth 
population  was  higher  than  it  has  been  since  1937.     Insectary  rearings 
indicated  that  the  number  of  first  brood  larvae  reaching  the  aoult  stage 
was  12^  bel  ow  average. 

The  calyx  spray,  in  the  Niagara  district,  was  applied  a  week  later 
than  any  year  in  the  past  ten.    Eggs  laid  on  June  19  took  sixteen  days  to 
hatch.     However,  from  about  the  middle  of  July  to  the  middle  of  August  the 
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inciilDation  period  ^.^^as  five  to  six  days  only.  Puipae  vrere  found  in  the 
orchard  up  to  the  last  tv^o  veeks  in  OctolDer,  later  thsii  noted  "before. 

II.     Studies  on  Behaviour 

a)     Effect  of  chanjg-e  of  climnte  -  I'aterial,  originally  from  iSTova 
Scotia,  has  "been  reared  for  the  second  year  at  this  Station.     The  pro-  ' 
portion  of  second  "brood  larvae,  though  it  shovred  an  increase  over  last 
year,  yras  again  lo'-.fer  than  in  local  material.     The  figures  werer  Fova 
Scotian  material  15^,  and  loca,l  mnteria;l  381^  second  broocl.    This  would 
indicate  that  the  adaptation  to  a  changed  climate,  though  rapid,  does 
tal-ce  an  appreciable  time. 

h)    DisDositlon  of  total  trapped  larvae  where  both  tru.nk  and  main 
limbs  band-ed  -  In  1939  tliree  trees  were  selected  at  random  in  an  unsprayed 
orchard  of  mixed  varieties.     Three-plv  burlap  bands  were  applied  on  the 
trunk  six  inches  above  ground  level  and  on  all  sc-affold  branches  above 
the  crotch.     T>7o-inch  barricades  of  tanglefoot  vere  placed  above  the 
trunk  band  and.  below  the  branch  bands. 

Jrom  Julv  6  to  August  11,  Gl-fc  of  the  total  unparasi tized  and  78.5^ 
of  the  total  parasitized  (by  Ascogas ter)  larvae  taken  from  the  trees  were 
trapped  in  the  branch  band.s.     Of  the  total  larvae  collected  from  august  1,3 
to  October  10  only  16,7fo  of  the  unparasitized  and  35. 7;"^  of  the  parasitized 
were  secured  from  the  branch  band^s.     The  figures  indicated  that  a  large 
proportion  of  first  brood,  mature  larvae  left  the  fmit,  before  it  dropped, 
to  seek  cocooning  locations.     The  reverse  was  true  for  second  brood  larvae. 

c)    Prp-portion  of  larvae  trapped^  in  paiper  and  burla.TP  trunk  band.s  - 
Trees  were  banded  in  1940  with  three-ply  burlap  and  others  with  a  two- 
inch  corrugated  pasteboard  strip  protected,  by  a  broader  strip  of  opaque 
paper.    The  number  of  infested  fruits  on  these  trees  was  counted.  The 
figures  are  given  below. 


Variety  Band  Utoq  #  Larvae  #  Infested  Truits  %  Trapped 

Fameuse         Burlap  626                    5,578  11.2 

"              Paper  782                   4,612  17.0 

I'iclntosh       Burlap  726                    4,025  18.0 

"              Paper  1,036                   3,442  30.1 

"              Paper  533                   1,821  29.3 


The  above  figures,  based  only  on  a  small  experiment,  indicated 
that  the  paper  band.s  were  more  efficient  than  the  burlap,  particularly 
on  i'iclntosh.    The  total  number  of  larvae  was  taken  to  be  the  same  as 
the  number  of  infested  fruits  (i.e.  one  larva    per  infested  fruit, 
regardless  of  the  number  of  holes  actually  present).     Some  inaccuracies 
were  doubtless  caused  by  re-entries  of  codling  moth  larvae  and  infesta- 
tion by  oriental  fruit  moth  larvae  but  these  were  not  sufficient  to  ac- 
count for  the  difference  betvreen  the  number  trapped  and  the  number 
maturing  on  the  trees. 


III.     ruesults  of  Control  Sxjeriments 


Below  are  given  the  results  of  tests  in  a  'clock  of  rameuse  trees. 
Plot  1,   the  standard,   \-jas  replicated  six  times  and  the  remaining  plots 
vrere  in  duplicate.    Plots  consisted  in  the  main  of  sis  trees.  Counts 
vere  taken  by  random  sampling  of  picked  fruit  onl^,  500  ir-iits  per  tree. 

I'jiere  a  minimm  of  oil  was  used  (plot  8),   the  control  v^s  decidedly 
inferior.     This  plot  also  showed  a  bronzing  of  the  foliage.    Brovm  sugar 
(plot  IC)  caused  considerable  injury  to  foliage,  apparently  increasing 
oil  penetration  and  in  addition  there  vas  a  marked  dropping  of  the  fruit. 
Condition  of  fruit  and  foliage  in  other  plots  "'•ras  good.     Plot  7  would 
seem  to  indicate  some  value  from  the  addition  of  zinc  sulphate.     In  this 


connection  it  maj'  be  mentioned  that  plots  were  set  up 

in  a  Hcl 

ntosh  orchard 

using  var^^ing  amounts  of  zinc  sulphate  and  none  at  ail 

.  Analy 

ses  indi- 

cated  the  addition  of  this  material  did  not  aid  in  bui 

Iding  up 

or  re- 

tainins"  arsenic  on  f^e  f'f^j'^  t 

Ppmeuse  Orchard 

Schedule                                       Plot      Tot.  Pruit 

i  Clean 

i.  Deep  ^-.Sti 

m 

Standard                                                 1  13,000 

48.4 

15.2 

36. 

4 

Eotano-i\i                                                 2  5,500 

51.5 

18.0 

A 

Kolofix,  nicotine  sul-ph3.te                  3  5,500 

o2  •  ^ 

11.0 

36. 

7 

v.T-th  1/2  ^  Oil 

Crj^olite                                                 4  5,500 

51.7 

17.0 

31. 

3 

1/2:;^  oil  in  covers  2,3,4                     5  5,000 

^1  3 

16.0 

^-■tj . 

7 

l^,l/2fi,l€  in  2,3,4  covers                  5  5,500 

c:n  0 

15.2 

33.9 

Zn.  sulphate  in  1,2, 3,  covers               7  5,500 

57.1 

12.5 

SC. 

4 

Oil  l/27b  in  4  only                                8  4,000 

50.7 

14.9 

54. 

4 

Kolofix,  nicotine  sulphate                  9  5,000 

54.5 

8.6 

36. 

8 

without  oil 

BroT-jn  sugar  in  3,  4                            10  4,500 

t.-'O  •  S 

14.2 

30. 

0 

All  plots  received  4  cover  sprays  (first  brood) 

Quant 

ities 

of  materials  below  are  for  40  Imp.  gal. 

Calyx  -  All  plots,  Kolofog  3  lbs..  Lead  arsenate  2  lbs 

Plot  1  -  1st  Cover,  Coposil  1  lb.,  L.  A.  2  lbs.,  lime 

2  lbs. 

S .  ,    0^1  1/0, 

2nd      "     ,  Coposil  1  lb.,  L.  A.  1  1/2  lbs.,  1 

ime  2  lb 

3rd      ^     ,  1.  A.  1  1/2  lbs.,  lime  3  lbs.,  oil 

1^. 

4th      "     ,  Black  Leaf  155,  3  lbs.,  oil  1/2^,. 

Plot  2  -  Same  as  1  but  Botano-iT  3  lbs.,  instead  of  3.L 

.  155. 

Plot  3  -  Same  as  1  but  Kolofix  1  1/2  lbs.,  nicotine  sulphate  1 

I2  pint  instead 

of  B.  L.  155, 


Plot  4  -  Same  as  1  but  cryolite  1  I/2  lbs.,  instead  of  3.  L.  155. 
Plot  5  -  same  as  1  but  if?  oil  in  4th  instead  of  l/2^-  oil. 
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Plot  6  -  Same  as  1  tut  l/2^  oil  in  3rd  and  ifo  in  4th. 

Plot  7  -  Same  as  1  "but  Zinc  sulphate  l/2  ITd.  ,  additional  in  1st,  2nd,  and  3rd. 

Plot  8  -  1st  Cover,  Kolofog  3  l"bs.,  L.  A.  2  lbs. 

2nd      »     ,  Kolofog  3  lbs.,  L.  A.  1  l/2  lbs. 

3rd      "     ,  L.  A.  1  1/2  lbs.,  lime  3  lbs. 

4th      "     ,  B.  L.  .155,  3  lbs.,  oil  1/2*^. 

Plot  9  -  Same  as  1  but  Kolofix  1  I/2  lbs.,  nicotine  sulphate  l/2  pint  instead 
of-  B.  L.  155.     No  oil  used  in  4th. 

Plot  10-  Same  as  1  but  brown  sugar  8  lbs.,  additional  in  3rd,  4th. 

Por  specifications  of  oil  useqisee  #1  under  Oils  as  Ovicides.    Oil  was 
emulsified  with  calcium  caseinate,  2  oz.  per  Imp.  gal. 
Dates  spra;^'s  ap-nlied  -  Calyx,  June  3-4;  1st  cover,  June  14-15;  2nd 
June  25-27;  3rd,  July  5-5;  4th,  July  17-18. 

H.  3.   3.  #7  Orchard 


This  small  orchard,  of  mixed  varieties,  was  all  sprayed  in  1939, 
the  average  of  all  plots  being,  clean  83^-,  deep  13f^  and  stings  Afo,  This 
season  half  the  orchard  (plot  4)  was  unsprayed  (for  codling  moth)  and 
,the  other  half  divided  into  3  single  plots.     The  setup  was  designed  to 
Show  the  injury  which  might  be  exioected  from  overdoses  of  oil  and  the 


value  of  oil  alone  in  codling  moth  control, 


'ee  varieties,  L'clntosh, 


Ontario  and  Cranberry  vjere  used  in  the  counts  and  the  figures  below 
include  all  fruits,  dropped  and  picked. 


Cover  Siira^s 

Plot 

#  Trees 
Counted 

Tot. Fruit 

^  Clean 

fo  Deep 

fo  stings 

4  lead,   2  cryolite 

1 

6 

20,626 

94.5 

1.7 

'  3.8 

oil  If^  in  2nd-6th 

4  lead,  oil  ifc  in 

2 

5 

13,480 

89.0 

3.6 

7.4 

2nd-4th 

10  covers,  ifo  oil  onl 

y  3 

6 

13,300 

84.9 

11.9 

3.2 

in  each  case. 

Check,  no  sprays 

4 

•  12 

26,851 

4.8 

.  94.4 

0.8 

In  plot  3  poison  was  used  in  the  calyx  only  and  the  oil  sprays  vrere  applied 
about  everj  ?  days.     Considering  that  this  plot  adjoined  the  check  the 
■results' are  rather  remarkable..    The  ten  ap'':'li cations  of  oil  caused  apiDre- 
ciable  injurj'  to  foliage,  especially  to  Cranberry  v.'here  it  was  serious. 
On  Mcintosh  it  appeared  as  small  round  dead  spots  in  the  leaves;  Vealthy 
shovjed  no  foliage  injury,     "ihere  the  crop  was  at  all  large  the  fruit  did 
not  size  up  properly  but  it  was  not  other^'rise  injured  except  the  variety 
Ontario  which,  at  times  in  the  past,  has  shovn  fruit  injurjf  from  even  one 
ap)plication  of  ifo  oil.     For  specifications  of  oil  used  see  #1  under  Oils 
as  Ovicides. 
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Oils  as  Ovicides 


Small  tests  with  four  oils  were  made  on  potted  apple  seedlings 
sprayed  with  a  DeVilbiss  paint  gun»     The  spra.'^s  were  ap-ilied  shortly  af-3er 
the  eggs  were  laid  (Tahle  l),  and  2  and  4  "days  "before  eggs  were  laid 
(Table  2).     Some  specifications  of  the  oils  used  are  given  below. 

Oils  IvTo.  1,  2  and  3  were  emulsifisd  with  calcium  caseinate,  2  oz.  per 
imp.  gal.;  I^^o.  4  was  purchased  as  a  prepared  emulsion. 

Table  I 

Oil  l/2fp  Oil 

Oil      #  Sggs  /bk'ortality     #  Eggs  ^Mortality 


1/2*^  Oil  plus  L.  A.* 
#  gggs    fo  Mortality 


1 

1000 

93.6 

500 

350 

87.7 

2 

774 

90.8 

579 

95.0 

500 

85.5 

3 

872 

95.1 

696 

72.4 

217 

78.3 

4 

776 

94.8 

582 

7C.C 

500 

91.4 

Check 

813 

2.3 

*  Lead 

arsenate 

at  rate  of 

JL      X/  <0 

lbs.  per  40  gal. 

( Imp . ) 

Table  II 
(All  oils  at  ifo) 
2  Days  4  Days 


Oil 

If  3ggs 

Jo  Mortality 

rCortality 

1 

389 

S5.1 

277 

53.1 

2 

261 

77.0 

277 

46.9 

3 

213 

81.2 

350 

54.0 

4 

188 

80.3 

321 

41,1 

Checks  as  in  Table  I. 

Oil  SiDecif ications 


Gravity,  A.P.I. 
Viscosity,  100°?.  S,U. 
U.S.R, 

Distillation,  636^. 


#1  #2 

#3 

#4 

36  35/37 

28.8 

(0.845 

75/85  77/82 

77/84 

58 

96^^  96^- 

93^ 

95f. 

8^  8fo 

0^ 

DOMINION  OP  CAMm 


Jas.  Marshall  -  Dominion  Entomological  Laboratory,  Vernon,  British 
Columhia.  ::  I  ■  .  . 

I.  Seasonal  Conditions  and  ahunc^ance  of  the  insect  during  the  1940  season 

Unlike  1939,  weather  conditions  in  southern  British  Columbia  favoured 
codling  moth  development  in  May  and  June  of  1940.     On  the  other  hand,  tem- 
peratures in  August  and  September  were  lower  than  in  1939  and  apparently 
less  conducive  to  serious  "second  brood"  attack.    The  greater  importance 
of  highly  favourable  conditions,  during  "first  brood"  attack  seems  to  be 
reflected  in  the  generally  heavier  infestation  of  1940,  despite  more  care- 
ful spraying. 

I I .  Studies  on  codling  moth  biolog;/  and  behaviour  '  , 

^he  Calyx  spray:    Labora.tory  investigations  over  a  period  of  three 
months  vjith  six  hundred  first  instar  larvae  confined  individually  to  an  area 
5  mm.  in  diameter  in  the  calyx  basin  of  developing  fruits  (sprayed  only  at 
the  calyx  period)  has  provided,  the  following  information: 

(1)  Most  of  the  feeding  was  done  at  the  outer  base  of  the  calyx 
lobes  (sepals),  less  on  the  lobes  themselves,  very  little  on  the  pistil 
and  none  on  the  stamens. . 

(2)  About  75  percent  of  the  larvae  entered  the  fruit  outside  the 
calyx  proper  and  25  percent  penetrated  the  calyx  lobes  to  enter  the  calyx. 

(3)  There  was  an  average  mortality  of  81  percent  of  the  larvae  that 
penetrated  the  calyx  lobes  of  calyx-sprayed  fruit  and  10  percent  of  those 
that  penetrated  the  calyx  lobes  of  unsprajT'ed  fruit. 

(4)  Of'  the  larvae  that  attempted  to  enter  the  fruit  outside  the 
calyx  lobes,  i.e.,  at  the  outer  base  of  the  calyx  lobes,  81  percent  mortal- 
ity resulted  on  calyx-sprayed  fruit,  35  percent  mortality  on  unsprayed  fruit. 

(5)  Mortality  of  larvae  placed  on  the  fruits  one  month  after  the 
calyx  spray  had  been  applied  was  approximately  93  percent  on  sprayed  fruits 
and  24  percent  on  unsprayed  fruits.     Tiiree  months  after  the  cal^rx  spray  v;as 
applied,  the  mortality  was  73  percent  on  sprayed  fruits  and  14  3:)ercent  on 
unsprayed.'  fruits. 

(6)  Larvae  frequently  penetrated  the  calyx  cup  proper  from  within, 
after  having  entered  the  fruit  outside  the  calyx  lobes.    None  of  such  larvae 
subsequently  died  although  their  operations  v/ithin  the  calyx  were  sometimes 
extensive.    This  suggests  that  poisoning  may  be  unlikely  to  occur  if  the 
codling  moth  larva  consumes  apple  pulp  before  ingesting  lead  arsenate. 
Other  investigations  on  this  point  have  been  under  way  for  two  seasons 

and  will  be  continued. 
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III.     Hes^j-lts  of  control  erqper  iaent  s 

Experimental  set-up  -  One  block  preliTiin-^.r^.'  6:?'perizi9nt3  ■'clntosh 
and  Jonathan^   2C  vears,  2  acres.     Each  plot  3- or  4  trees.  Check 
plots  frequently  repeated.     Second  block  Mcintosh^  -30  ^ears ,  3 
acres,  each  plot  4  trees.     Check  x^lots  replicated  so  that  ever^^ 
e:q:erin]ental  plot  adjoined  a  check.     Ho  ce'r/x  sxDraj,  three 
"first  brood"  covers,  one  " second  brood"  cover.     Five  hujr.dred 
apples  per  tree  sajrr^led  at  harvest.     l^Io  residue  analyses, 

:■  r     -  -  (b)     Conditions  affecting  the  results  and  control  obtained  -  Orch:jj:ds 
,-both  level.     Codling  moth  injfestation  reasonably  ^jjaiforr.  and 
'averaging  in  the  check  plots,  ( lead  arsenate-casein-liine  first 
brood,  cryolite-ca-sein-lime  second  brood)  10.5  percent,-' 

•  (d)'    Injury  to  foliage  and:  fruit  -  ■ 

.  _  (l)    JIanthone  applied  begirjiing  second  cover  spray  caused  exten- 
...         sive  russetting  on  Jonathan.     It  slightly  russetted  and  TDPoduced 
^  a  liver-hued  coloration  of  ".'clntosh.     This  condition  occurred 
vhen  xanthone  was  used  r-dth  ammoniiuT.  oleate-zinc  sulphate  (l  oz. 
ZnSO^:  ICQ  gal.)  and  with  kerosene-ajrimoniuin  oleate-zinc  sulphate. 

(2)  ilicotine  nsDhthenate  in  oil  solution  .( o . 5??  of  ?5  vis.,  94^ 

_   .  U.?..  oil,  caused  conspicuous  black  spotting  apparently  by  penetrat- 

ing lenticels  of  Joriathan, 

(3)  "Kolofix"  2.5  lb.,  caused  defoliation  -^hen  used  with' 0.5^ 
.  _    iLediuE  oil  (75  Vis.,  94^  U.E.)  and  0,5  pint  nicotine  sulphate. 

,  . (4)    Four  applications  nicotine-sulphate  ^dth  0.5^  mediun  oil 

:    _.         resulted  in  distinct  injury  to  calyx  of  ]^'e'"to>-m  r.nd  to  a  less 
extent  to  cal37-x  of  Mcintosh.. 

A.     Control  by  Insecticides  •  • .  "     '■■.'  "■ 

,(3)     Other  Inorganic  kate rials  . 

■  '  1.'-  •  imtural  cryolite  ("Zryocide")  ■  and  synthetic  cryolite  ("^lorco")  gase 
essentially  sinilar  results  when  used  v.rith  casein-line  spreader. 

_  .2.^   Grj'-olit  e  with  casein-lime  spreader,  for',  the  second  year  gave 
codling  moth' e  on trol  similar  to  lead  arsenate,  ^dth  casein-lime  s  preader. 

.  .  .  .3.     The  addition  of  one  poujid  hydrated  lime  to  5.75  pounds  cryolite 
.  ,did' not  reduce  the  effectiveness  of  the  -cryolite.     On  the  contrar?-  it 
.'may  actually  have  enhanced , it,  slight ^-y..  ..     "  ,  .  ...  "  . 

4.     The  addition  of  Sipounds  bro'-^n,  sugar  "  to  3.75  "odunds  lead  arsen- 
ate or  cryolite  s.ppeared  to  result  in  inferior  control. 


(4)     Organic  ^late rials 


(a)    ?ixed  Mcotine 

1.  Bentonite  from  Drujnheller  All^erta  fJid  Vernon,  3.G.,  gave  results 
comparable  to  that  from  Wyoming  ("TiTyodak'^  pellet-t:^e) , 

2.  Nicotine  sulphate  0.5  pint-mediimi  oil  0.5^  gave  codling  moth  con- 
trol slightly  inferior  to  lead  arsenate-casein-lime  first  hrood,  cryolite- 
casein-iirae  second  "brood  ( check)  ^ 

3.  The  plot  spi^yed  with  "Slack  Leaf  155"  6  Ih:  per  100  Imperial 
gal.  (120  U.S.)  and  CSfo  medium  oil  was  somev/hat  more  heavily  infested 
than  the  adjoining  check  plot  (10.3^  wormy  fru.it  and  7,9f->  wormy). 

4.  Ilicotine  sulphate  0,5  pint-Alherta  bentonite  2.5  lb.  (dry 
mixed)  -  medium  oil  0.5'^-  gave  control  results  similar  to  "Black  Leaf 
155"  6  lb,  with  the  same  amount  of  oil.     Furthermore  the  residue  was 
as  readily?-  removed  by  xnping  at  .harve=;t.    The  same  ingredients  tank- 
mixed,  as  usual  produced  a  residue  too  tenacious  to  be  removed  by 
wiping, 

5.  Smulsif ication  of  the  oil  by  ammonium  oleate  in  tank-mixed 
nicotine  sulphate-bent onite  resulted  in  a  more  uniform  deposit  than 
when  the  oil  was  emulsified  only  by  the  nicotine-bent onite  complex. 
The. .deposit,  -however,,  .-was  just  as  tenacious  as  when  the  ammonium- oleate 
was.  lacking, 

••  .  6,     "Kolofix"  when  used  ,  in  place  of  bentonite  in  the  tank-mixed 
■nicotine  sulphate-bentonite-oil  mixture  resulted  in  a  very  spotty 
deposit  that  interfered  x^/ith  pigmentation.     The  saine  spotty  deposit 
occurred  in  the  absence  of  oil.     Codling  moth  control  with  "Kolofix"- 
nicotine  sulphate-oil  was  apparentlj?"  slightly  inferior  to  that  ''.dth 
bentonite-nicotine  sulphate-oil. 

7.  Nicotine  sulphate-Alberta  bentonite-Alfalfa  flour  ( drv-mixsd) 
used  with  oil  resulted  in  codling  moth  control  and  residue  removal 
similar  to  "Black  Leaif  155" -oil  mixture  of  equivalent  nicotine  content, 

8.  Nicotine  alkaloid-Alberta.  bentonite-Alfalfa  flour- ammonium  sul- 
phate (dry  mixed)  used  with  oil  gave  control  results  similar  to  "Black 
Leaf  155"-oil  mixture  of  equivalent  nicotine  content.     The  residue  vras 
as  easily  removed  at  harvest, 

9.  Heav:;v''-medium  oil  of  75^o  U.H.  was  used  on  a  large  block  of  trees 
in  place  of  heav7/-medium  oil  of  94';^  U.R.  in  t^^o  second  brood  applications 
of  nicotine-bentonite  mixture  vdthout  sign  of  injur:^/  to  Delicious  or 
Jonathan,     The  former  oil  is  about  half  as  expensive  as  the  latter. 
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EESULTS  OF  GOLLIilG  L'OTH  Ii^"5r^STIG;.TI0iTS ,  1S40 

Part  II 

\7ork  Conducted       the  3m-eau  of  Entomology 
and  Plant  Q,uarantine, 
U.  S.  Departnent  of  Agriculture. 

'This  s'Jiinnary  represents  the  contriDution  of  uhe  Divi.sion  of  Fruit 
Insect  Investigations  of  the  Buji-eau  of  Sntoinolog;^''  and  Plant  Q,uarantine  to  the 
pool  of  information  on  the  results  of  codlin..^  moth  investigations  carried  on 
during  1940,  ^^hich  has  "been  prepared  in  accordance  ^It'Ci.  a  reauest  made  "by  the 
Committee  on  the  Codling  Moth  of  the  American  Association  of  Economic  Ento- 
mologists.   As  in  previous  years,  this  is  a  preliminary  report,  circulated  for 
the  information  of  those  interested.     It  is  su"b.ject  to  revision  as  further 
reviev/  of  the  date  ma;-  indicate,  and.  has  the  status  of  unpublished  data,  not 
sulDject  to  quotation  without  permission. 

'The  ^7ork  of  the  Division  of  Fruit  Insect  Investigations  is  carried  on 
cooperatively  TJith  several  Bureau  and  Department  units,  as  well  as  with  a 
numher  of  State  agencies.     The  Division  of  Insecticide  Investigations  has 
contributed  a  great  deal  to  the  T7ork  reported  herein,  and  joint  field 
laboratories  are  maintained  at  Yaliima,  'H'ashington,  and  Vincerjies,  Indiana. 
The  chemists  stationed  at  the  latter  lahoratorj?-  have  also  participated  to  a 
considerable  extent  in  the  work  at  St.  Joseph,  Mo.    The  work  in  TTest  Virginia 
is  a  joint  effort  carried  on  by  the  T7est  Virginia  ArTicultural  Experiment 
Station  and  this  Bureau;  the  work  in  I'^iew  York  State  is  carried  on  similarly 
with  the  New  York  Agricultural  Experiment  Stations. 

The  Division  of  Foreign  Parasite  Introduction  has  continued  to 
cooperate  in  the  work  relating  to  parasites.     Special  a.ttention  has  been  . 
devoted  to  certain  phases  of  the  biological-mechanical  control  project  under 
way  in  T7est  Virginia. 
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P0UGHE33PSI3 ,  iWl  YOEIC 

P.  J.  Chapman,  In  G-eneral  Charge 
D.  T7.  Hamilton,  In  Immediate  Charge 

Seasonal  Developments 

Ivlortalit:.^  of  over-^/intering  codling  moth  larvae  as  determined  from  the 
examination  of  2210  larvae  and  pupae  overwintering  -onder  pg.per  bands  Tras  low  for 
the  winter  of  1939-40.     Coionts  of  larvae  -onder  hands  in  three  different  orchards 
in  the  Hudson  Hiver  Valley  during  Hay  averaged  8.4,  8.1,  and  15.0  percent  dead. 

Adult  codling  moths  "began  appearing  in  hait  traps  May  26,  exactly  22 
days  after  the  first  pupa  was  found.    This  was  a  few  da^^'s  later  than  normal 
(llay  23-25).    Tree  development  was  delayed  "because  of  low  spring  temperatures. 
Only  a  ver?-  few  moths  were  captured  in  "bait  traps  during  Hay.    '-Veather  condi- 
tions during  June  and  July  were  favorahle  for  codling  moth  development.  This, 
comhined  with  the  heavy  carry  over  of  larvae  from  1939,  caused  "bait  traps  to 
record  the  heaviest  flight  of  moths  during  this  period  of  any  season  on  record. 
Hecords  are  from  10  bait  traps  located  in  the  same  trees  since  1933.    Peak  moth 
captures  occurred  June  3  to  8,  and  June  13  to  14,  with  a  steady  but  comparatively 
high  daily  average  July  6  to  15,  for  first  brood.     Second  brood  captures  showed 
slight  peaks  August  3  to  4,  and  August  12  to  14.    The  total  moth  capture  for  the 
season  in  10  bait  traps  was  2507  moths,  as  compared  to  937  moths  for  1939. 
3ighty-six  percent  of  the  moths  caxDtured  were  taken  during  June.    The  amount  of 
first  brood  injury  as  determined  by  observations  in  orchards  receiving  no 
sprays,  or  onlir  light  applications,  was  more  severe  than  usual.     Second  brood 
captures,  p/hile  not  as  he&Yy  as  in  19' 39,  were  large  enough  so  that  oviposit  ion 
was  abundant,  which,  combined  with  favorable  weather  conditions,  caused  serious 
injury  to  occur  during  Augast  and  early  September  in  orchards  where  poor  control 
occurred  during  first  brood. 

Larvae  began  entering  the  fruit  about  June  10.    I^ew  entrances  were  readily 
found  by  June  12.    As  determined  ''oj  the  removal  of  all  apples  containing  injuries 
on  tvjo  unsprayed  trees  at  approximately  7  to  10  day  intervals,  first  brood 
larval  entrances  were  plentiful  for  the  weeks  ending  June  15  to  June  29,  amount- 
ing to  19.2  percent  of  the  total  injury  for  the  season.    From  June  29  to  the 
middle  of  July  the  number  of  new  entrances  tapered  off,  entrances  removed 
amounting  to  only  3.2  percent  of  the  total  infestation.    A  distinct  increase 
in  the  namber  of  new  entrances  was  noticed  for  the  weeks  ending  July  17  through 
July  26,  entrances  removed  amounting  to  22.3  percent  of  the  seasons  total. 
This  increase  in  late  first  brood  entrances,  that  is  July  17  to  26,  does  not 
normally  occur  and  in  some  orc/.iards  a  special  cover  spray  was  necessary  to 
protect  the  fruit  against  injurj'-  during  this  period.    During  second  brood 
activity  new  entrances  began  increasing  in  number  for  the  week  ending  August  5, 
and  continued  abundant  through  the  week  ending  August  29.    As  a  whole  codling 
moth  injury  for  1940  continued  to  be  severe  (from  15  to  50  percent  of  the  total 
crop  injured)  in  orchards  having  heavy  codling  moth  populations  in  1939,  except 
where  thorough  spray  programs,  much  more  efficient  than  those  resu].ting  in  effec- 
tive control  for  this  locality  5  to  10  years  ago,  properly  timed  aaid  applied 
were  used. 
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Som3  of  the  meteorolggidal  data,  Godiing  moth  captures  in  the  10 
sassafras-brorm  sugar  traps ,'  and  injuries  from  2  -onsprajred  Ilclntosh  trees,  are 
presented  in  table  1. 

'Table  1.    Ileteorological  Data,  and.  Codling  I.Ioth  Bait-Trap  Captures. 


roughkeepsie , 

1940 

liay 

June 

July 

Aug. 

Se^ot . 

Season 

Llean  daily  temperature 

57.0 

65.5 

71.0 

70.6 

59.8 

64.8 

■?recipita,tion  (inches) 

5.46 

3.42 

4.86 

5.58 

4.06- 

•  23.33 

ITo.  days  rain  occurred 

.18 

14  . 

14 

11 

7 

64 

Lloth,  captures  -  10  traps 

13 

2243 

240 

101 

10  • 

•  2607 

Injuries  -  2  trees* 

679 

710 

■  314 

90 

1793 

*Since  all  injrjred  apples  -n-ere  removed  at  7  to  10  day  interv3.1s  figures  for 
August  and  September  are  lo:7er  than  normal  because  of  the  smaller  number  of 
apples  present. 

-  .  ■  ■    .  Insecticide  Experiments 

^.         Tests  of  insecticides  and  orchard  spray  schedules  consisted  of  5  blocks 
af  Poughlieepsie ,  and  one  block  at  Iiinderhook.    L'aterials  tested  Trere  those 
considered  having  possibilities  against  heavj^  codling  inoth  infestations,  without 
creating  objectionable  harvest  residues.    Excessive. residues  of  lead  and  arsenic, 
and  visible  deposits  of  such  materials  as  bentonite  and  lime  were  among  those 
considered  as  objectionable.    Preferential  consideration  was  also  made  in  many 
instances  'oy  the  inclusion  of  materials  and  schedules  that  were  known  to  be 
effective  against  apple  fruitfly  as  well  as  codling  moth. 

Tests  at  rpuijhlceepsie :  - 

Blocks  1-4  consisted  of  a  corner  of  a  mature  Cortland  orchard  that  has 
one  of  the  hes^viist  codling  moth  infestations  in  this  locality,     while  adjacent 
to  each  other  within  the  orchard,  each  block  was  arranged  as  a  separate  experi- 
ment . 

Block  1:-  This  series  consisted  of  6  treatments  on  2  tree  plots  replicated 
4  times,  and  2  trsatnents  on  single  tree  plots  reiplicated  2  times.  Ivlaterials 
compared  were  those  considered  desirable  for  so  called  split  schedules  where 
arsenicals  are  used  for  protection  during  first  brood  and  other  materials  are 
used  for  control  during  second  brood.    Advantages  of  such  schedules  are  that 
the  arsenicals  present  aid  in  apple  fruitfly  control,  less  costly  materials 
are  used  than  in  straight  schedules  other  than  arsenicals,  and  materials  used 
are  compatible  with  sulfurs  used  as  f^joigicides  during  early  first  brood. 

Spray  treatments  and  results  are  presented  in  Table  2. 
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TalDle  2.    Spray  Schedules  tfseid  and  Ii<5sults  -  Cbdling  Hoth  Control  -  Block  1. 

pQughkeepsie ,  >t/f . ,  1^40,  var«  Cortland.   

Block  1.    Comparison  of  2nd.  "brood  sprays  following  a  light  arsehical  Ist, 
"brood  schedule. 

Materials  per  100  Grallons 

First  Brood  Spray  Schedule;    All  plots  except  8. 

Curculio  Spray;  June  5;  lead  ara.  3  ITds.;  hyd-lime  3  llis;  Micronized  dusting 

sulfur  4  Its.;  pwd.  skim  milk  0.25  l"b.. 
1st.  Cover;  June  13-14;  lead  ars.  3  ITds.  ;  hyd-lime  3  Ihs.;  i.Iicronized  dusting 

sulfur  3  lbs.;  pwd.  skim  milk  0.25  Id.. 
2nd.  Cover;  June  27;  calcium  ars.  3  Tbs.;  0.75  -  5  -  100  "bordeaux;  pwd.  skim 

milk. 0.25  ITd.. 
3rd.  Cover;  July  11;  same  as  2nd.  cover. 


Second  Brood  Spray  Schedules:    2  applications,  August  7  and  12. 
Plot  1:    llo  spray  applied. 

Plot  2:    Proc,  nicotine-TDentonite-*  4  l"bs.;  summer  oil  (com.  83fj  oil)  0.6 


summer  emulsible  oil  (2)^  oil  sol. 
iposit  "builder)  0.6  percent  actual 
sujnmer  oil  0.6  percent  actual  oil; 

nicotine  sulfate  0.5  pt.. 


percent  actual  oil. 
Plot  3:    Proc.  nicotine-hentonite*  4  lbs 

emulsifj'-ing  agent,  62  vis., 0.2^  deposit  "builder)  0.6  percent  actualoil. 
Plot  4:    Proc.  nicotine-"bentonite*  4  l"bs. 

"blood  al"bumen  emulsifier  0.5  Ih. 
Plot  5;  Proc.  nicotine-"bentonite*  4  I'bs. 
Plot  6:    Zanthone  2  I'bs.;  sodium  oleate  soap  1  Id.;  zinc  sulfate  (monohydrated ) 

4.5  ozs. . 

Plot  7:**Proc.  nicotine-"bentonite*  4  I'bs.;  free  phytonomic  oil  (sp.  gr.  820- 
830,  vis.  55-60,  unsulf.  residue  99-100/^)  0.6  percent  actual  oil; 
"blood  al"bun[ien  emulsifier  0.5  Ih.. 

Plot  8:**G-rowers  schedule;  com'bined  light  arsenicals  followed  "by  processed 
nicotine  and  oil.    Applications  made  by  grower. 

Infestation  Records 


Plot 

Apples 

Injuries  per 

Apples 

¥.0. 

Per 

100  Apples 

clean 

Tree 

ITorm  Holes 

Stings 

percent 

1. 

1401 

71.9 

34.7 

55.8 

2. 

1352 

19.3 

23.5 

73.9 

3. 

1689 

24.6 

22.6 

71.1 

4. 

1185 

16.0 

20.0 

77.4 

5. 

1203 

31 . 3 

22-8 

72.1 

6. 

1316 

15.7 

30.6 

72.3 

7 

2136 

32.2 

28.3 

66.4 

8 . 

1644 

54.6 

41.0 

54.3 

*  Nicotine  content  according  to  manufacturer  4.75  percent 
**  Two  trees  only. 


tJhile  analysis  of  variance  ':Tas  not  iiacle ,  it  seems  oovious  that  all 
experimental  schedules  used  during  second  'orood  rrere  superior  to  no  sprays  at 
all  and  the  growers  sched^iJile,  plots  1  and  8.    A  comparison  of  4  different 
sunnsr  oils  (plots  2,3,4,  and  7  vrith  proc.  nicot ine-bentonite ,  indicated  that 
a  coinmercial  oil  (plot  4)  tank  mixed  mth  "blood  alhiimen  gave  "better  control 
than  the  other  3  oils  tested  including  one  Yzidelj'-  used  factor;^  emulsion. 
Differences  "betTveen  the  other  3  oils  tested  did  not  appear  to  "be  significant. 
Xanthone  (plot  6)  ^rhen  used  during  second  "brood  had  the  least  number  of  ^orm 
holes  per  100  apples  of  any  of  the  materials  tested,  and  rzith  the  exception  of 
plots  4  and  2  seemed  more  effective  than  other  schedules  tested.  Advantages 
of  the  use  of  xanthone  over  ofner  materials  't^'tsed'  for  second  "brood  control 
if  tests  continue  to  shoY7  that  it  is  effective  are,  its  compati"bilit3r  with 
su-lfur,  and  the  fact  that  lime  does  not  effect  its  toxicity  so  that  hj^drated 
lime  and  arsenicals  can  te  nixed  with  it  in  light  dosages  for  late  apple 
fruitfly  control.     It  should  oe  pointed  out  that  the  characteristic  in.jurj^ 
occurring  in  the  form  of  a  russetted  ring  around  the  calyx  end  of  the  apples 
on  plots  where  xanthone  was  used  throughout  the  season  (Plot  14  -Bl.  2)  was 
only  present  on  a  small  percentage  of  the  apples,    ^hen  present  this  russeting 
was  "'oarely  visi"ble  and  prohahly  not  of  corjL-aercial  importance.    A  caref-ul  count 
shewed  less  than  0.3  percent  of  the  fruit  affected. 

Block  2;  In  t'nis  series  10  different  spray  schedules  considered  as  "naving 
possi'bilitieE  for  controlling  hea^'^*  codling  mofn  infestations  and  at  the  same 
time, avoid  o'cjectionaole  residues  at  harvest  (excepting  plot  11)  were  compared. 
Plots  11,  12,  15,  17,  and  18  were  considered  as  having  arsenicals  present  in 
large  enough  quantities  to  "be  effective  against  moderate  infestations  of  apple 
fruitfly  as  well  as  controlling  codling  moth.     The  5th  cover  in  plot  12  and  the 
zinc  arsenate  in  plot  18  were  included  in  the  schedules  for  t.hfir  effects  on 
fruitfly.    See  report  on  apple  fruitfly?-  "by  0.  H.  Hammer.    Two  tree  plots 
replicated  4  times  were  used.    Trees  used  for  this  series  were  the  same  as 
those  used  for  the  tests  in  ta"ble  1  of  the  1939  report.     The  crop  was  considerably 
lighter  in  1940.     Treatments  and  results  are  presented  in  ta"ble  3. 
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i  coTi't'LTiiieA  1 

mi e sTia^ion  j-<.ecorcLS 

TaTDle  3 

Plot 

At)T)  i  p  c< 

In  TTITT  PC!  TIPT 

^J>aJ   ^1  '      X  ^  W  W 

AdtiI  p 

M  X  0 

i^o .  .. 

1  DO     J>T)T)1  P 

Clean 

Tree 

* '  w  X  lU     iXU  J-  w  O 

St,  1  n  p'Q 

■r)P*r''f»pn  f. 

11. 

1803 

1.1 

7.9 

91.2 

12. 

1813 

4.2 

8.7 

87.9 

13. 

1774 

6*5 

7.9 

80.3 

14. 

1958 

6.4 

6.1 

88.4 

15. 

2059 

5.0 

10.6 

85.9 

IS.  • 

.  2130 

8.0 

9.0 

84.6 

17. 

:    2111  . 

7.5 

19.1 

75.7 

18. 

1839 

3.1 

8.0 

87.8 

19. 

1867 

7.5 

8.1 

85.8 

20. 

191S 

6.7 

■9.1 

85.1 

As 

indicated  by  the 

percent  clean  fruit,  four 

cover  sprays  timed  at 

approxina 

tely  10  day  intervals  during  first  brood  are 

more  effective 

tlian 

the  three  covers  former Ijr  used  over  the  same  period.    Six  covers  of  lead 
arsenate  (plot  11)  Y7as  the  most  effective  spray  schedule  used.    Of  course 
residues  of  lead  and  arsenic  from  this  plot  exceeded  the  tolerances  at  har- 
vest, and  it  is  obvious  that  such  a.  schedule  is  unsatisfactory  in  a  non-wash 
region.    Plots  12,  13,  14,  18,  and  possibly  15,  are  considered  as  having  given 
comparatively  high  control  i^hen  compared  to  the  rest  of  the  plots  in  the 
block.    Of  these  plots  12'and  13  sho^.Ted  evidences  of  bentonite  on  the  fruit  at 
harvest,    TJhile  the  amount  of  bentonite  residue  present  was  not  large,  it  was 
more  than  that  present  on  plots  16  and  19  and  was  enough  to  be  considered 
objectionable  by  certain  growers,  who  liave  apples  on  the  market  competing  with 
those  of  lightly  sprayed  trees  from  orchards  where  codling  moth  control  is  not 
a  serious  problem.     Plot  14  had  almost  45  percent  of  the  fruit  russetted 
aro-ond  the  calyx  end.    As  demonstrated  in  plot  6,  block  1,  this  injury?-  is  not 
severe  where  xanthone  is  used  later  in  the  season;  consequently  this  material 
has  possibilities  of  becoming  a  follow-up  spray  in  arsenical -xanthone  schedules. 
Plot  18  showed  foliage  burning  and  early  dTop  of  fruit,  presumably  due  to  the 
presence  of  the  basic  zinc  arsenate  with  only  a  small  quantity  of  lime.  Plot 
15  had  good  control  considering  that  only  3  sprays  were  applied  during  first 
brood.    Lead  arsenate  could  be  substituted  for  the  calcium  arsenate  used  in 
the  third  cover  spray  without  exceeding  the  new  residue  tolerances,  and  thus 
increase  the  efficienc^^  of  this  schedule.    Plots  16,  19,  and  20,  while  not 
considered  to  be  as  effective  as  some  of  the  other  schedules  used  gave  good 
control.    The  fruit  from  plot  16  had  the  best  finish  with  less  visible  residue 
on  it  of  an^'-  of  the  nicotine  programs  in  the  block.    Better  control  would 
have  been  secured  in  this  plot  if  nicotine  sulfate  had  been  added  to  the 
processed  nicotine.    Processed  nicotine-bentonite  concentrate  when  used  with 
Slimmer  oil  (plot  20)  seemed  to  be  as  effective  as  when  used  double  strength 
with  Wyoming  bentonite  added  during  the  first  brood  (plot  19).    Plot  20  had 
very  little  visible  residue  on  the  fruit  at  harvest  and  would  probably  meet 
commercial  requirements.    Plot  17  was  not  outstanding  from  the  control  view- 
point and  in  addition  22  percent  of  the  apples  were  russetted  as  compared  to 
4  percent  for  plot  11. 
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Block  5;     This  series  of  plots  "'.7as  of  an  exploratory  nature  and  consisted 
of  field  tests  Tjith  2  types  of  ra.peseed  oil  and  various  nicotines  for  the 
purpose  of  determining  their  effects  on  foliage  and  fruit  as  well  as  the 
cocUin^  moth  control  olDtained.    All  tests  were  in  cooperation,  v/ith  H.  T. 
Hansherry  and  L.  B,  Norton  of  Cornell  University  and  the  New  York  /agricul- 
tural Experiment  Station.    The  materials  used  were  suggested  by  them.  Plots 
consisted  of  single  tree  plots  replicated  twice. 

Nicotine  peat  left  a  heav^?-  "black  residue  and  processed  nicotine-hen- 
tonite  concentrate  was  substituted  for  it  later  in  the  season.    Hapeseed  oil 
was  used  xvith  sulfur  on  a  few  trees  during  first  "brood  and  only  caused  slight 
foliage  "burn.    A  commercial  oil  emulsion  applied  at  the  same  time  with  sulfur 
caused  severe  "burning.    i.Iaterials  used,  dosages,  dates  of  application,  and  a 
summary  of  infestation  records  are  presented  in  table  4.     Infestation  records 
from  the  more  generally  used  schedules  in  blocks  1  and  2  have  been  included 
in  the  series  for  comparison.    Data  for  schedules  from  Blocks  1  and  2  are 
compiled  from  the  2  trees  closest  to  block  3. 

Table  4.    Spray  Schedules  Used  and  Results  -  Codling  Ilofn  Control  -  Block  3 

Poughkeepsie,  N.Y.,  1940,  ^lar.  Cortland 


Block  3:     Comparison  of  Vegetable  Oils  and  "^/arious  Nicotines  not  Previously  Used. 

Materials  per  100  G-allons 
Plots  21-24:     Curculio  spray,  June  5,  lead  ars.  3  lbs.,  hyd-lime  3  lbs.,  Mic- 
ronized  dusting  sulfur  4  lbs.,  pwd.  sks31  milk  0.25  lb.;  1st. 
cover,  June  13-14,  lead  ars.  3  lbs.,  0.75-6-100  bordeaux,  pwd. 
skim  milk  0.25  lb.. 

Plot  21:    Nicotine  pectate  1.4  qts.,  applied  June  27,  July  6,  Juljr  16,  Aug.  8, 
and  Aug.  19. 

Plot  22:    Nicotine  oleate  1.2  pts.,  rapeseed  oil  emulsion  2,5  qts.,  applied 

June  27,  July  6,  July  16,  Aug.  8,  and  Aug.  19. 
Plot  23:    Nicotine  peat  8  lbs.,  rapeseed  oil  emulsion  2.5  qts.,  applied  June  27, 

and  July  6;    Proc.  nicotine-bentonite  cone*  1.5  lbs.,  rapeseed  oil 

emulsion  2.5  qts.,  applied  Jills'"  16,  Aug.  8,  and  Aug.  19. 
Plot  24:    Nicotine  peat  8  lbs.,  blo'^/n  rsq^seed.  oil  1  pt.,  applied  June  27,  and 

July  6.;    proc.  nicotine-bentonite  cone*  1.5  lb.,  blown  rapeseed  oil 

2.5  qts.,  applied  July  16,  Aug.  8,  and  Aug.  19. 
Plots  1.&  8:    Parts  of  block  1.     See  table  2  for  spray  schedules. 
Plots  11,  13,  &  19:    Parts  of  block  2.    See  table  3  for  spray  schedule^-. 


*  Nicotine  content  according  to  manufactur^K?-^- percent . 
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Infestation  Hecords 


Plot 

Apple  s 

Iniuries  loer 

A'OT)  le  s 

iio , 

Per 

100  Ar)r)lss 

Clean 

Tree 

'Torin  Ho3ies 

3t  in.  £"5 

TDsr  cent 

21. 

.  1749 

44.2 

18.2 

56.4 

22. 

2614 

19  7 

11  4 

80  4 

23, 

2083 

5.2 

6.2 

91.4 

24. 

2210 

13.7 

12.3 

82.2 

1- 

1756 

62.5 

28.5 

61.1 

8. 

1644 

54.6 

41.0 

54.3 

11. 

1521 

1.9 

7.8  ... 

92.0  - 

13. 

1292 

5.7 

9.2 

88.6 

19. 

2195 

-    .  11.2 

9.3 

86.6 

Block  4:     In  this  series  preliminary  field  tests  'rere  made  for  the  com- 
parison' of  a  co:::!mercial  calcim  arsenate  nith  la'boratorj'-  calcitun  arsenate 
and  laoorator^,^  prepared  zinc  arsenate.    These  experiments  were  in  cooperation 
77ith  C-,  '7.  Pearce  and  A.  TJ.  Avens,  Division  of  Chemistry,  iTevr  York  Agricultural 
Experiment  Station.     The  laTDorator^j-  materials  Tzere  prepared  "by  them. 


P'ive' cover  sprays  during  the  season  on  single  tree  plots  replicated 
tizice  had  65.1  percent  clean  fruit  for  the  commercial  calcium  arsenate,  45.5 
percent  for  the  laooratorj'-  calcium  arsenate,  and  43.5  percent  for  the  laboratory 
zinc  arsenate.    Plot  numoers  ^.vere  25,  25,  and  27. 

Block  5:     This  "block  consisted  of  a  semi-isolated  orchard  of  Cortland 
and  Llclntosh  trees.     The  iDlock  had  189  trees  in  it.    At  least  30  percent  codling 
moth  injurj^  was  present  in  1939. 

A  so  called  "doulDle  action"  spray  program  directed  at  "both  the  adult 
and  larval  stages  of  the  codling  moth  r^as  used  in  this  planting.     Since  the 
object  T7as  to  annihilate  the  first  brood  codling  moth  to  such  an  extent  that 
spraying  for  second  brood  control  would  be  unnecessary  no  second  brood  sprays 
were  planned.    However,  bait-trap  captures  and  daily  observations  on  larval 
entrances  during  second  brood  indicated  that  at  least  one  second  brood  spray 
would  be  desirable  and  a  delayed  application  was  made  on  all  but  one  sub- 
block.    The  orchard  was  arranged  in  sub-blocks  so  that  comparisons  could  be 
made  on  slight  variations  in  the  spraj^  sched^Jile  as  conditions  warranted.  Dusts 
were  applied  for  the  control  of  a  light  fruit fly  infestation  and  for  comparing 
foliage  injury  on  such  a  combined  spray  and  dust  program, 

TJhile  first  brood  codling  moth  injury  was  not  annihilated  completely 
it  was  effectively  reduced  so  that  second  brood  injury  was  not  as  serious  as 
it  had  been  in  previous  j^-ears.    Codling  moth  injury''  in  this  orchard  was  much 
lighter  than  it  was  in  a  similar  orchard  about  one  fourth  mile  distant  operated 
by  the  same  grower  and  ordinarily  having  about  the  same  amount  of  codling 


moth  injury  present  (SulD-lDlock  5^,  ta'Dle  5).     Since  the  second  'brood  spfay 

'.ms  delayed  -until  nev;  entrances  were  numerous,  "better  control  f7ould  have  "been 

obtained  with  the  same  schedules  "by  careful  timing  of  the  second  "brood 

application.    The  use  of  lead  arsenate  in  more  of  the  first  "brood  sprays, 

with  nicotine  sulfate  when  hatching  is  heavy  and  when  adult  moths  are  plentiful, 

would  also  tend  to  increase  the  efficiency  of  first  "brood  applications.  Such 

a  change  would  "be  possi"ble  with  the  recent  tolerances  for  arsenic  and  lead. 

The  amount  of  lead  arsenate  used  for  first  hrood  was  limited  at  the  time  of  » 

the  experiment  as  a  part  of  the  o^bject  ^vas  the  avoidance  of  o"bjection8>Dle 

residues  at  harvest  under  the  former  tolerances.    Materials,  dosages,  dates 

of  application,  and  a -summary  of  infestation  records  are  presented  in  ta"ble  5.  w 

Ta"ble  5.    Spray  Schedules  Used  and  Results  -  Codling  Moth  Control  -  Block  5. 
Poughlveepsie ,  K.Y.,  1940,'Var's  Cortland  and  lie  In  tosh 

Materials  per  100  G-allons 

Calyx  Spray:     Su"b- "blocks  5A,  5B,  5C,  Hay  29,  lead  ars.  3  Tds.,  hyd-lime  3  Tos., 

dry  lime-sulfur  6.25  lbs.;     Suh-hlock  5I>,  Hay  28,  lead  ars.  3  l"bs., 
hyd-lime  3  l"bs.,  Micronized  dusting  sulfur  4  Ihs.,  Com.  oil 
sticker  1  pt . , 

Suh-Slocks  5A,  5B,  5C,  51):     Curculio  spray,  June  6,  lead  ars.  3  l"bs.,  hj'-d-lime 
3  llDs.,  ilicronized  dusting  sulfur  4  I'bs.,  pwd.  skim  milk  0.25  l"b.; 
1st.  cover,  Jime  14,  lead  ars.  3  Ihs.,  hyd-lime  3  lbs.,  nicotine 
sulfate  0»5  pt.,  Micronized  dusting  sulfur  3  I'bs.,  pwdi  skim  milk 
0.25  l"b.;  2nd.  cover,  June  25,  lead  ars.  1.5  Ih.,  ca,lci'am  ars. 
1.5  l"b.,  0.75-6-100  "bordeaux,  nicotine  sulfate  0.5  pt.,  pwd,  skim 
milk  0.25  To.;  3rd.  cover,  Julj^  3,  proc.  nicotine-"bentonite*  4  Ids., 
sTJmmer  oil  3  qts.;  1st.  dust,  July  6,  calcium  ars.  15  percent, 
hyd-lime  85  percent. 

Su"b-Blocks  5A,  5B,  5C;     4th.  cover,  July  15,  nicotine  sulfate  0.5  pt.,  summer 

oil  3  qts. . 

Su"b-Blocks  5D:  4th.  cover,  July  15,  proc.  nicotine-'bsntonite*  4  I'bs.,  summer 

oil  3  qts . . 

Su'b-Blocks  5A,  5B,  5C,  51);  2nd.  drj.st ,  July  25,  calciujii  ars.  15;o,  hyd-lime  85)'^. 

Su"b-i>lock  ,5A;  Delayed  2nd.  "br,,  Aug.  12,  proc.  nicotine-hentonite  cone.**  3  Tos.; 
Sub-Blocks  5B,  5D:     Delayed  2nd.  "br.,  Aug.  12,  proc.  nicotine-"bentonite  cone.** 

1.5  I'b.  ,  summer  oil  2  qts., 
Su"b-Block    50:     Delayed  2no..  or.,  Aug.  12,  i^o  spray  applied. 

Su'b-Block    55:     Schedule  applied  'by  grower  in  an  orchard  one-fourth  mile  distant 
that  ha-d  about  the  same  initial  infestation  as  th3  annihilation  blocks- 
Schedule  consisted  of  arsenical  sprays  early  part  of  season  followed 
by  proc.  nicotine  and  oil  later  in  the  season. 


*    iJicotine  content  according  to  manufacturer  4.75  percent. 
**  Nicotine  content  according  to  mamofacturer  14  percent. 
Summer  oil  used  83  percent  actual  oil. 
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Infestation-  ±iecords 


Block 
Ho . 

Variety 

Apples 

Per 

Tree 

Injuries  Per 
100  Apples 

Apples 
Clean 

'.  nT'n   no  1  p Q 

St  iris's 

"'Der  cent 

5A. 

Cortland 

1390 

9.4 

12.8 

82.9 

5B. 

Cort Ian  d 

525 

5.1 

16.6 

83.3 

^  ciri  t o  =;fi 

1713 

^-5 

11.1 

86.2 

Both.  . 

1619 

-  4.8 

13.8. 

-  84.8 

5C. 

Cortland 

1257  . 

20.9 

21.4 

76.7 

•I'^-^Xii  \j\J  toil 

ft  4- 

ft  ^ 

87  0 

Both 

1115 

13.7 

17.1 

80.1 

5D. 

Cortland 

1230 

7.3 

15.4 

83.9 

Ilclntosh 

1012 

6.7 

10.1 

85.5 

Both 

1157 

7.8 

13.6 

84.4 

53, 

Cortland 

1422 

■67.1 

26.1 

53.^ 

Tests  at  Kinderhook:  - 

The  oD.iect  of  this  test  ^8,s  to  demonstrate  a  practical  combined  arsenical 
and  nicotine  spray  schedule  that  "fYould  l)e  compatihle  -ndth  sulfur  fungicides 
early  in  the  season  and  at  the  same  time  control  the  heavy  infestation  of 
codling  moth  present. 

Block  6:  This  "block  consisted  of  74  Ilclntosh  trees.    The  1939  crop  was 
severely?-  damaged  "by  codling  moth  and  ^ras  almost  a  complete  loss.    Calj^x  and 
curculio  spra^^s  r^ere  applied  "by  the  grower.    Each  spray  contained  5  pounds  of 
lead ' arsenate  for  100  gallons  of  spray. 

The  effect  of  su-cmer  oil  applied  at  too  short  an  interval  following  a 
spra,y  containing  sulfur  was  demonstrated  oy  using  2  pounds  of  Micronized  dusting 
sulfur  for  100  gallons  of  spray  on  one-half  the  "block  in  the  second  cover  spray 
applied  Jujie  21,  and  using  3  quarts  of  s'ommer  oil  in  the  third  cover  spray 
applied  J^Jtl:/  1.     Injury  to  the  foliage  in  the  form  of  hrown  spots  in  the  leaves 
an.d  a  j'-ellowing  and  dropping  of  some  of  the  leaves  occurred  where  sulfur  was 
applied  in  the  2nd  cover  spray.    Drop  fruit  counted  august  2  averaged  26.4 
percent  of  the  crop  on  the  sulfur  followed  "by  oil  trees;  as  compared  to  6.2 
percent  of  the  crop  on  trees  not  receiving  sulfur  in  the  second  cover  "but 
sprajred  with  oil  in  the  third  cover  spray. 

Certain  varia.tions  were  ma.de  in  the  spray  schedule  on  different  su"b-"blocks 
a.t  the  time  of  the  5th  cover  spray.    This  spray  is  not  usually?-  applied  in  this 
locality  end.  was  made  necessary  "because  of  the  increase  in  the  numlDer  of  late 
first  "brood  entrances  discussed  under  seasona.1  developments. 

Schedules  used  and  dates  of  application  are  shov/n  in  tal)le  6. 
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Ta'Dle  6.    Spray  Schedules  Used  an.d  Results.     Codling  I'oth  Control 
Block  6.    Kinderliook,  K.  Y.  1940.    Variety,  liclntosh. 


MaterigJs  per  100  gals. 

Su1d-5 locks  .6-1,  6-2,  6-3,  6-4,  6-5.    Sj^rayed  alike  except  for  5t.h  cover. 

1st  cover.  6/12;  Lead  ars.  .3  ITds.,  lime  3  Tos.,  micr.  dusting  sulfur 
3  llDs.,  soj'lDean  flcar  0.5  ITd. 

2iid  cover.  5/21:  Lead  ars.  1.5  lbs.,  calciun  ars.  1.5  lbs.,  0.75-4-100 
.  ,       bordeaux,  nicotine  sulfate  1  pt.,  powd.  skim  milk  0.25  lb. 
One-half  of  each  block  had  micr.  sulfur,  2  lbs.  added. 

3rd  cover.  7/l:  Proc.  iMic.  bent.*  4  lbs.,  suimner  oil  3  qts. 

4th  cover.  7/9;      "  "        "    "  "        "     "  ■" 

5th  cover.  7/19;  See  table  belo^;. 

.   ,    5th  cover.  8/6:  Proc.  Fic.  bent.*  4ros.,  summer  oil  2  qts. 

7th  cover.  8/l6:     "        "         "  **  1.5  lbs.,  "        "  " 

Sub-Block  5-6.    Arsenical  schedule  dujring  early  first  brood  followed  by 

nicotine  and  oil  later  in  the  season,  applied  by  grower. 


Infestation  records 

Sub- 
Block 

:                                                     : Apple  s 
:      5th  cover  spray  treatment      ;  per 

Injuries  per 
100  apples 

; Apples 
: clean 

Ho. 

;                                                     : tree 

,  'Torms  : 

Stings 

: percent 

6-1 

Nic.sul.0.5  pt., summer  oil  3  qts.  1127 

11.2 

14.6 

80.2 

5-2 

ITic. sul.0.5  pt., summer  oil  3  qts. 
lime  0.5  lb.  1321 

9.5 

14.7 

81.4 

5^3 

No  spray  applied  2553 

15.7 

17.7 

75.6 

5-4 

Zinc, ars. 2  lbs. , lime  2  lbs.,nic. 
sul.0.5  pt.  ,pv7d.milk  0.25  lb.  1460 

10.0 

14.1 

80.9 

5-5 

Zinc  ars.  2  lbs.,  lime  2  lbs., 
pY7d.  milk  0.25  lb.  1798 

11.1 

21.3 

78.5 

5-5 

Sprayed  by  grovrer  1972 

35.9 

19.7 

66 . 3 

*    L'icotine  content  according  to  manufe-cturer 

4.75  percent . 

Hicotine  content  according  to  manufacturer  14  percent . 
Summer  oil  used  contained  83  percent  actual  oil. 
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Harvest  .^Lesidiies  .of  Lead  and  Ai-senic:- 

A  large  n'uia'ber  of  the  plots  in  clocks  1  and  2  had  residues  at  harvest 
aDove  the  tolerances  of  0.01  grains  per  pomid  of  fruit  for  arsenic.  However, 
.  T'ith  the  exceptions  of  plots  11  and  17  TJhere  arsenicals  were  used  tliroughout 
the  season,  residues  T7ere  "beloTT  the  neir tolerances  of  0,025  grains  of  arsenic 
per  po^jnd  of  fnj.it.    Plots  in  "block  4  exceeded  the  nerr  tolerance  of  0.025 
grains  of  arsenic  per  pound  of  fruit.    Brushing  the  fruit,  oj  running  it  tlarough 
a  gTader  containing  brushes,  from  plots  11,  17,  and  25  red'j.ced  the  amo^jjit  of 
arsenic  present  "but  did  not  "bring  it  ^ithin  the  neT7  tolerance.    Residues  present 
at  harvest  on  plots  most  likely  to  exceed  tolerances  are  shorrn  in  ta"ble  7. 
Samples  rere  taken  cy  reaching  into  the  trees  from  the  ground. 


xahle  7. 

Harvest  Residues  o 

f  iiead  and  Arse 

snic* 

-  1940  - 

Harvest 

-Residues 

Block** 

Plot** 

( i^rainc; 

per  I'b . ) 

AS2O3 

?D. 

1 

1 

Cortland 

0.018 

0.016 

2 

11 

Cortland 

0.071 

0.183 

2 

11  "brushed 

Cortland 

0.037 

0.095 

2 

12 

Cortland 

0.015 

0.020 

15 

Cortland 

0.017 

0.028 

2 

16 

Cortland 

0.012 

0.023 

2- 

17 

Cortland 

0.042 

0.008 

2 

17  "brushed 

Cortland 

0.032 

0.003 

4 

25 

Cortland 

0.052 

0.007 

4 

25  "crushed 

Cortland 

0.02s 

0.005 

4 

26 

Cortland 

0.042 

0.006 

4 

27 

Cortland 

0.03S 

0.006 

5 

5B 

Cortland 

0.010 

0.020 

6 

5-1 

lie  In  tosh 

0.010 

0.021 

6 

•5-5 

Ilclntosh 

0-016 

0.019 

•*    Analyses  "by  G-, 

Pearce  and  A.  ^ 

.  Avens,  Dept. 

of  Chemistry,  ITew  lork 

AgTicultL-ral  2: 

xperiment  Station. 

**  For  spray  schedules  see  tables  2, 

3,  and  5,  and 

text 

under  clock  4. 

"Effect  of  Chang 

e  in  lolerances  on  . 

Amounts  of  Lead  Ars 

snate  that  Can 

sie  Used 

In  This  Region 

Without  TTashing:- 

-he  increase  in  the  tolerances  of  arsenic  to  0.025  grains  and  lead  to 
0.05  gTains  per  pound  of  fruit  should  in  most  instances  allorr  3  cover  sprays 
of  lead  arsenate  at  3  pounds  per  100  gallons  to  "be  used  without  necessitating 
cleaning  of  the  fruit;  whereas  previously  1  cover  of  lead  arsena.te  followed 
"by  2  covers  of  calcium  or  "basic  zinc  arsenates  -^a,s  considered  to  he  on  the 
margin.    As  indicated  in  ta"ble  8,  three  covers  of  lead  arsenate  does  not  always 
control  codling  moth  adequately,  unless  followed  "by  other  materials  such  as 
nicotine-'bentonite  and  oil. 


t 
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TalDle  8.    Hesidues  at  Harvest  and  Infestation  E-eeords  -  3  Cover  Sprays 
Lead  Arsenate  -  1936  to  1938. 


Apples 

Injuries  Per 

Apple  s 

Earve  st 

Residues* 

Year -Variety 

Per 

100  Apples 

Clean 

ST. 

/1-b 

• 

Tree 

'H'orm  Holes  - 

Stings 

Percent 

P-D. 

1936  Mcintosh 

1919 

16.8 

20.0 

74.5' 

0.028 

0.060 

1937  liclntosh 

1538 

10.2 

25.9 

75.9 

0.020 

0.046 

1938  Cortland 

1178 

5.8 

13.2 

87.2 

0.009 

0.031 

*  Analyses  "by       U,  Pearce 

and  A.  W.  Avens 

,  Dept . 

of  Chemistrj'- 

,  New  York 

Agricultural 

Sxpsriment 

Station, 

Band  Experiments 

The  large  scale  l)and  experiment  at  Xinderhook,  was  continued  for  a  third 
year.    Plot  arrangements  and  methods  were  identical  vdth  those  reported  in  1939. 
The  nuMter  6f  trees  "banded  was  465. 

A  very  effective  arsenical-nicotine  oil  spraj^-  schedule  (consisting  of 
2  covers  lead  arsenate  with  nicotine  sulfate,  2  covers  proc.  nicotine  and 
nicotine  sulfate,  with  oil,  and  one  cover  nicotine  sulfate  and  oil),  along 
with  increased  {^alienage,  and  more  thorough  spraying,  applied  "by  the  grower 
were  primarily  responsi'ble  for  the  "big  reduction  in  the  infestation  of  "both  the 
"banded  and  unhanded  areas  in  1940. 

Larvae  captured  in  "bands  averaged  less  than  one  per  tree  for  all  var- 
ieties.    The  465  trees  captured  290  larvae  during  the  season.     In  the  "banded 
area  "better  than  96  percent  of  the  fruit  ("based  on  an  unweighted  average  of  a-11 
varieties)  was  clean;  as  compared  to  92  percent  of  the  fruit  in  the  non-banded 
area.    Efficiency  "based  on  Ahhott's  formula  has  increased  in  the  "banded  area 
over  that  of  the  non-hajided  area  for  each  of  the  three  years  the  "band  experiment 
has  "been  operated.    For  the  Duchess  and  Mcintosh  hlocks  the  increase  in  effi- 
ciency due  to  "bands  averaged  46.7  percent  in  1938,  54.4  percent  in  1939,  ajid 
67.2  percent  in  1940;  or  an  increase  of  7.6  percent  the  second  year  over  that 
01  the  first,  and  12.7  percent  in  the  third  year  over  that  of  the  second.  By 
the  end  of  the  third  year  efficiency  had  increased  20.4  percent  in  the  "banded 
area  over  that  at  the  end  of  the  first  year  of  handing. 

Infestation  records  for  1940  are  presented  in  tahle  9. 


li 


B 
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Taole  S.    Res'olts  of  Large  Scale  Sand  Experiment »  Kinderhook,        Y.  ,  1940. 


Variety 

Apple  s 
per 

Tree 

i^orm  xioles 

per 
100  Apples 

Stings  per 
100  Apples 

Percent  oi 
Apples 
Clean 

Injuries 
per 
Tree 

Band-- 

Band:- :  uh- 

Band-:  Un- 

. Band-:  Jh- 

Band- :  'Jn- 

:  "band- 

ed    :  "band- 

ed  Toand- 

ed  :oand- 

ed  :lDand- 

:  ed 

:  ed 

:  ed 

:  ed 

:  ed 

0\JCr± 

0.4 

2.2 

U  .  D 

3.3 

99.1 

95.2 

52 

141 

Ucint  n  «?h. 

(large  trees) 

2735 

2685 

3.4 

8.4 

1.7 

5.4 

96.1 

88.8 

■  133 

397 

I.lclntosh 

(e.ve.  trees) 

1292 

1537 

1.8 

5.8 

1.3 

4.0 

97.4 

92.4 

39 

152 

I.'IcIntosh 

(ave.  trees) 

1083 

1050 

2 . 5 

5.0 

1.8 

5.1 

96.6 

91.9 

50. 

103 

C-reening 

(young  trees) 

747 

443 

4.S 

4.1 

5.7 

91.3 

92.2 

84 

42 

All  Varieties 

iive , 

1778 

1650 

2.6 

5.1 

2.3 

4.9 

95.1 

92.1 

68 

167 

Ta'^ole  10 

shows  the 

estimat 

ed  "bushels  of 

apples 

saved  per 

tree  as  a  result 

the  scraping 

and  banding.  It 

costs 

"between 

20  and 

24  cents  a 

tree 

each  I 

'■ear 

to  scrape  and.  'Dand.  '   • '  ■ 

Ta'ole  10.    Estimated  l'-jjn"ber  of  Bushels  of  Apples  Saved  Per  Tree  "by  Scraping 


and  Banding.    Based  on  125  apples  per  "bushel.    Xinderhook,'  N.Y.  1938-4'0. 


"^/ariety 

1938 

1939 

1940 

Duchess 

1.7 

2.6 

0.9 

lie  In  tosh 

(Large  trees)  2.5 

9.3 

.  1.6 

Mcintosh 

(ave.  trees'  )  0.7 

3.0 

0.5 

G-reening 

(Young  trees) 

1.0 

0.0 

iiait  Tra'o  Experiments 


Comparisons  of  "bait  trap  solutions  were  raade  in  two  series  of  traps 
arranged  in  modified  Lat in- square s ,  consisting  of  5  traps  each  replicated  5  times. 
One  trap  was  used  per  each  tree.    Baits  were  changed  at  approximately'-  20  day 
intervals  unless  otherwise  stated.     The  twin  type  of  trap  was  used  wherehy  half- 
trap  hait  changes  were  alternated  at  ten  day  intervals.    Results  are  presented 
in  ta"ble  11. 

Prom  table  11  it  appears  that  oil  sassafras  and  oil  mace  were  the  "best 
attrahents  tested  with  the  "brown  sugar  solution  in  this  locality'.    The  addition 
of  a  half  gram  of  sodium  "b^nzoate  to  the  bait  after  fermentation  was  well  started 
prolonged  the  length  of  time  such  baits  are  effective  so  that  changes  were 
probably  necessary  only  twice  a  season  instead  of  every  20  days  as  heretofore. 
The  use  of  ceramic  blocks  impregnated  with  oil  sassafras  increased  the  duration 
of  time  the  aromatics  were  effective.    Bromstj'-rol  while  less  effective  as  an 


attrahent  than,  oil  sassafras  showed  some  tendencies  toward  superiority?-  during 
the  real  hot  weather  indicating  that  it  is  more  of  a  hot  weather  oait.  It 
should  "he  recalled  that  during  the  hot-drjf  season  of  1939  'bromstj'-rol  was  more 
effective  as  an  attrahent  than  oil  sassafras. 

Ta'ole  11.    5ait  Trap  Captures  -  Latin  Square  Arrangements  -  Poughkeepsie ,  N.Y. 

 ;  1940 

-D  ri  Total  No.  Iloths  Captured 

-tsait  Composition   t  t~i — a  c  

 May— June  July-Aug .      S  e  as  on 

Series  1. 

A-    Oil  sassafras,  in  B.S.  sol.  489  113  602 

B-    3romst:/rol,  in  B.S.  sol.  452  157  519 

C-    Anethol,  in  E.S.  sol.  349  77  426 

D-    Oil  mace,  in  B.S.  sol.  492  182  673 

J3.1-0il  pine,  in  B.S,  sol.  164  discontinued. 

3.2-Oil  sassafras,  in  B.S,  sol.;   sassafras  in  im- 
pregnated clay  "blocks.  0.5  gr.  sodium  henzoate 
added  to  ea.ch  half-trap  after  fermentation  was  . 
well  along  (10  days  after  filling).    Bait  un- 
changed after  put  out.  ilot  out.  152 


Series  2. 

A-    Oil  sassafras,  in  B.S.  sol.  586  165  751 

B-    Oil  sassafras,  in  B.S,  sol.;  0.5  gr.  sodium 
henzoate  added  to  each  half-trap  10  days 
after  traps  were  filled.    Bait  ■'onchanged  dur- 
ing the  season.  726  88  814 

C-    Oil  sassafras,  in  B.S.  sol.;  1  gr,  sodium 

"benzoate  added  to  each  half-trap  10  days  after  ' 
traps  were  filled.    Bait  unchanged  during  the 

season,  481  34  515 

D-    Oil  sassafras  and  nicotine  sulfate,  in  B.S. sol- 581  142  723 

^-    Bromstyrol,  in  B,S.  sol.  428  111  539 


B,S,  sol.  consisted  of  5  pounds  No.  13  hror/n  sugar  in  water  to  maize  5  gallons. 
A  small  quantity  of  Dreft  was  added  to  reduce  s^jxface  tension,  ii-romatics  v/ere 
added  to  halts  with  a  dropping  "bottle  using  0.5  ccv  per  each  half- trap,  except 
"bait  3 . ,  series  1. 

?ujnigation  of  Prop  Poles  for  Hilling  Hi"bemating  Codling  Iloth. 

Tests  conducted  in  1940  indicated  that  2  pounds  of  sodium  cyanide  in  the 
acid-pot  method  were  necessarj?-  for  ea.ch  1000  cuhic  feet  of  space  used  instead  of 
the  1  pound  found  effective  in  1939.    Poles  were  stacked  in  "wigwam"  fashion 
and  covered  with  truck  tarpaulins.     The  2  pounds  of  cyanide  killed  97.5  percent 
of  the  larvae  hut  only  79.4  percent  of  the  pupae.    Most  of  the  larvae  and  pupae 
not  killed  were  near  the  centers  of  the  pile. 
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Sormant  Larvicides  for  Ililling  Hi"bernating  Codling  I'-oth, 

Preliminary  tests  using  larvicides  that  -ere  tliought  to  "be  penetrative 
enoiigh  to  pass  tlirough  the  cocoons  and  kill  the  larvae  over-fintering  under  the 
oark  of  the  trees  iTere  applied  May  17.     In  order  to  have  a  large  nun'oer  of 
larvae  present  oh  a  small  area,  materials  Tjere  applied  to  the  trunks  of  trees 
on  places  irhere  overwintering  paper  "bands  had  caused  a  large  numoer  of  larvae 
to  "be  concentrated.    All  larvae  vrhose  cocoons  vere  disturljed  D"  the  removal  of 
the  hands  were  removed  from  the  tree  trunks  "before  treatment.     Since  the 
larvae  used  had  "been  under  paper  hands  some  of  them  were  not  im"bedded  in  the 
"bark  as  deeply  as  they  would  have  "been  normally,  and  some  may  have  "been  more 
easilj^  killed. 

Materials  were  applied  "by  Crushing  the  larvicides  on  the  tree  trunks 
and  hy  using  a  small  hand  sprayer  of  the  a.tomizing  type.    The  pine  tar  oil 
mixture  was  thick  and  it  was  difficult  to  apply  with  the  atomizer.  Ilortality 
counts  were  na.de  May  21  and  .22.    Thjree  trees  were  used  for  each  treatment. 

Pine  tar  oil  373.7  cc,  oleic  acid  52. 3  cc, ,  triethanolamine  32  cc, 
and  v/ater  488  cc.  ,  killed  74,1  percent  of  the  larvae  and  pupae  when  "brushed  on 
the  tree  trunk,  and  IS. 9  percent  when  a.pplied  with  the  atomizer. 

Pjrrethrin  concentrate  *£o.  20,  1  part;  and  deodorized  kerosene,  92-94 
percent  unsulionated,  3  parts;  killed  98.2  percent  of  the  larvae  and  pupae 
when  crushed  on  the  tree  trunks,  and  92  percent  when  applied  with  the  atomizer. 

i-pple  ?ruitfly  Investigations.   (0.3.  Plammer) 

Seasonal  Activities  and  C-eneral  Importance  I>aring  1940 

Pourteen  emergence  traps  placed  on  artificially  infested  soil  areas  and 
examined  dailj'"  during  adult  emergence  yielded  a  total  of  3926  flies.    The  first 
fly  of  the  1940  total  emerged  on  June  20.    The  peak  of  emergence  occ-arred  on 
July  21  when  400  flies  were  captured.     Successive  activities  were  a.  few  days 
later  in  1940  than  is  us'oal,  with  flies  heing  a"bundant  in  plantings  relatively 
late  in  the  season.     This  may  account  in  part  for  the  rather  severe  damage  done 
by  this  insect  in  some  Hudson  Valley  orchards  where  spraying  with  arsenicals 
was  discontinued  "by  July  1,  and  in  plantings  with  enviromental  conditions 
especially  favoraole  to  the  apple  fruitfly. 

Insecticide  Studies 

-ipple  fruitfly  control  investigations  conducted  in  Eastern  Hew  York  and 
elsewhere  have  definitely  established  the  fact  that  several  arsenical  in- 
secticides are  highly  effective  against  this  pest.     Timeliness  of  application 
has  also  been  established  as  an  important  factor  for  good  control.    All  of  the 
arsenicals  generally  used  "by  Eastern  Hew  York  apple  growers,  namely  lead  ars- 
enate, calcium  arsenate,  and  basic  zinc  arsenate,  appear  to  be  about  equally 
effective  against  the  adult  flies.    iJnf ortunatelj;-  the  latter  two  materials  are 
less  effective  than  arsenate  of  lead  against  the  codling  moth  which  also  must 
be  controlled  d'oring  the  period  of  apple  fruitfly  activity.    Only  one  of  the 
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so-ca' led  arsenical  sulDstitutes ,  namely  plienothiazine ,  has  s'.iomi  kny  con- 
sidera'Dle  promise  of  oeing  effective  against  the  apple  fruitflv.  The 
linitations  to  the  use  of  phenothiazine  in  apple  orchards  in  the  north- 
eastern part  of  the  United  States  aiis  v;ell  kno?7n  to  nost  investigators. 

An  effort  is  "being  made  to  -formulate  ah  insecticide  schedule  that 
will  ins-ore  good  control  of'  the  codling  moth  and  apple  fruit  fly  hy  employing 
a  so-called  split  schedule.     Such  a  schedule  wa.s  tested  in  two  plantings 
dujring  the  past  season,  one  of  the  plantings  having  little  codling  moth  and 
a  light  to  moderate  apple  fruitfly  infestation.    The  other  planting  had 
considerable  codling  moth  and  practically  no  fruitfly.     It  seemed  desiralDle 
to  use  two  plantings  for  this  test  since  the  habits  of  both  insects  differ 
enough  to  preclude  the  possibility  of  securing  reliable  data  in  any  other 
manner.    The  control  schedule  employed  and  the  results  obtained  in  this  test 
are  presented  in  table  1. 

In  addition  to  the  tests  as  summarized  in  table  1,  a  test  was  conducted 
to  determine  what  place,  if  any,  basic  copper  arsenate  may  occupy-    in  the 
apple  spray  schedule  in  the  Hudson  River  Valley.    This  material  was  used  in 
three  summer  applications  during  1939  and  appeared  to  he  as  effective 
against  the  apple  fruitfly  as  the  other  three  arsenicals  already  mentioned 
in  this  report.     During  the  1939  season  of  high  temperatures  and  light 
rainfall  no  appreciable  injury  resulted  to  Cortland  apple  foliage  and  fruit. 
In  1940  basic  copper  arsenate  was  used  as  the  sole  stoma.ch  poison  in  six 
post-bloom  spray  applications.'  Unlike  the  experience  of  1939,  the  basic 
copper  arsenate  as  used  in  1940  caused  severe  inj-'jjry  to  both  fruit  and 
foliage  on  all  varieties  in  the  planting.    A  high  percentage  of  the  fruit 
was  severely  russeted  and  this  russeting  began  with  the  first  post-bloom 
spray  and  increased  in  severity  after  each  application.    Foliage  injurjr 
first  became  noticeable  during  the  last  ten  da^'-s  in  August  at  which  time 
the  leaves  began  to  turn  yellow,    TYithin  a  few  days  after  yellowing  the 
leaves  began  to  fall  and  by  mid-September  manjT-  of  the  trees  were  completely 
defoliated.    Data  secured  from  the  1940  field  testing  of  basic  copper 
arsenate  are  presented  in  table  2. 
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'TalDle  1.    Results  of  Split  Schedule  to  Control  Codling  L'oth  and  Apple  Fruitfly. 


Insecticides  and  Amounts 
Used  per  100  G-allons  of 
Spray 

Approx . 
Spray 
Dates 
.  ■  ■  i           1  ■ 

. .   1. .  1   .1    1     1  »  .1   ■ .  ,   

Apple  Jiriaitfly  Data 

Codling  l.Ioth  Data 

Variety 

Percent  Uninfested 

: Percent  *.^ormy 

:   1940      ;  1939 

Variety:  Special;  Stand- 
:  Sched-.  ard 
ule  *  '(^Bck*' 

Lead  arsenate 


3  Ids.  5/15/40  Hclntosli 


Lead  arsenate  1.5  ITd..  ^/„^/.- 
Calcium  arsenate    1,5  lo.'' 


Proc,  ni CO tine-bent ,4  lbs. 

3  qts, 


)7/7/40 


SuniLier  oil 
Sane  as  above  7/15/40  " 

Calcium  arsenate        3  lbs.  7/17/40 


97.0 
93.4 

96.0 
99.4 


94.5 
82.2 

92.4 
97.6 


Cortland 
average 
of  8  trees 


4.2 


30.7 


*    This  plot  of  8  Cortland  trees  in  addition  to  receiving  the  schedule  listed  in 
the  table,  also  received  t^jo  second  brood  codling  moth  sprays  of  proc.  nicotine- 
bentonite  and  oil.     See  plot  12,  block  2,  table  3,  Poughkeepsie  codling  moth  report. 
**  Standard  check  refers  to  a  schedule  consisting  of  a  first  cover  of  lead  ars- 
enate a^id  tvo  subsequent  covers  of  calcium  arsenate  applied  on  the  following  dates, 
June  14,  June  27,  and  July  11.     See  plot  1,  block  1,  table  2,  Poughkeepsie  codling 
moth  report. 

***Proc.  nicotine-bent onite  used  4.75  percent  nicotine  according  to  jianuf acturer , 
s-!jmmer  oil  83  percent  actual  oil. 

Table  2.    Pes^alts  From  the  Use  of  Basic  Copper  Arsenate  for  Apple  Pruitfly  Control. 


Spray 
Applications 

:  Dates  : Insecticide  and  Amount 

:Applied:  '-^"sed 

.             :Pe-  100  G-allons  Spray 

;  Variety  : 

Apple  JJ'r 
Contr 

uitf ly: 
ol  : 

Apples 
Bus se ted 

•percent 

percent 

IS  40  : 

1939  : 

1940 

Calyx 

Liay  13 

TTealthy* 

97.9 

10.8 

Curculio 

Ilay  24  ^ 

Uealthy 

95.8 

42.3 

Basic  copper  ars.  3  Ids. 

1st.  cover 

-       T drat ed- lime         3  lbs. 
■Jvue  13 

Delicious* 

99.9 

45.7 

2nd.  cover 

June  28 

Delicious 

100.0 

80.8 

3rd,  cover 

July  10 

iviclntosh 

99.4 

78.4 

98.4 

4th.  cover 

July  22 

Pameiise 

89.9 

10.9 

99.4 

*  The  caljrx  and  curculio  applications  were  omitted  from  these  tvro  trees,  hence 
the  greatly  reduced  amount  of  russeting  of  the  fruit  as  com^Dared  "rrith  the  sprayed 
trees  of  the  same  varieties. 
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D.  L.  Collins,  Xa. 'G-eneral  Charge 
'■'illiam  Ilachado,'  'In  Immediate  Charge 

Light  and  Bait  Trap  Studies 

During  the  season  of  1940,  the  field  experiments  on  responses  of  the 
codling  moth  were  continued  on  a  plan  similar  to  that  of  previous  years,  "but 
with  one  important  change.    The  treatments  of  the  two  lighted  areas,  plat  A 
(lights  only)  and  plat  B  (lights  and  hait)  were  interchanged  to  provide  a 
more  critical  test.     In  1939  these  two  areas  showed  no  significant  difference 
in  codling  moth  injury  while  area  C  ("baited  only)  located  "between  areas  A  and 
B  had  20  percent  higher  injury. 

The  plats,  treatments  and  nuin"bers  of  trees  are  listed  in  Tahle  1. 

Talile  1.  .  Plat  treatment 


Plat  A  -  Bait  traps  and  2  cover  sprays  24  trees 

Plat  3  ~  3a.it  and  light  traps  and  2  cover  sprays      25  " 

Plat  G  -  Light  traps  and  2  cover  sprays  25  " 
Plat  D  -  Random  trees  from  all  parts  of  the 

orchard  treated  as  in  Plat  A  25  " 
Plat  3  -  Remaining  trees  in  orchard  treated 

as  in  Plats  A  and  D  59  " 


Only  the  trees  in  plats  A,  3,  C  and  D  were  examined  for  codling  moth 
injury  at  liar  vest  time. 

The  entire  orchard  ?/as  sprayed  "by  the  grower  from  the  delaj'ed  dormant 
spray  through  two  cover  sprays  of  lead  arsenate.    Ho  other  sprays  were  applied 
during  the  remainder  of  the  season.    Though  applied  az  approximately  the 
recommended  intervals  so  much  time  was  consumed  for  some  applications  or  the 
spray  so  poorly  applied  "because  of  inadequate  equipment  that  its  evenness  of 
coverage  and  effectiveness  were  questionable. 

The  light  tra,p  used  was  of  the  electrocuting  type  (Polmer  Inselziller , 
Models  Z  and  P.)  equipped  with  a  100  watt,  type  A,  Llazda  lamp  and  was  hung  as 
ne'ar  as  possilDle  to  the  top  and  center  of  the  tree. 

All  light  traps  were  controlled  "by  a  photoelectric  cell  and  a  thermostat 
and  were  in  operation  from  shortly?-  after  sunset  to  a  corresponding  light 
intensity  at  sunrise  except  during  periods  when  the  temperature  was  "below  58*^?. 

The  "bait  trap  used  was  the  same  type  as  th^t  used  in  1939,  consisting 
of  a  pair  of  glass  quart  jars  filled  with  "baits  of  different  ages.    The  solution 
consisted  of  10  percent  dark  "brom  sugar  containing  natural  oil  of  sassafras 
at  the  rate  of  0.5  cc.  per  quart  emulsified  with  "Lreft."    The  hait  in  alternate 
halves  of  each  trap  was  changed  once  weekly.'   A  trap  was  maintained  as  near  the 
top  and  center  of  the  tree  as  possi"ble. 
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At  the  "beginning  of  the  season  all  the  trees  ^ere  scraped  of  loose 
"bark  and  l^anded*    Untreated  "bands  of  lie&vj  paper  and  "biirlap  T:ere  used. 
Codling  moth  larvae  were  removed  from  the  "bahds  and  counted  weekly. 

All  drop  apples  were  examined  for  Codling  moth  injury  and  removed 
from  the  orchard*    At  the  harvest  Wo  faildom  "bushels  of  fi^Uit  from  each 
of  the  99  trees  in  plats  A,  B,  C  and  D  were  picked,  examined  for  injury  and 
Co-jnted.    ^he  total  yield  was  also  determined  and  estimates  of  the  in- 
festations made  on  the  "basis  of  total  crop  data. 

The  trap  catches  and  "band  counts  are  recorded  in  ta"bles  2  and  3- 


5ahle  2.    Trap  Catches 


Average 

Percent 

Treatment 

per 

Percent 

Percent  in 

Percent  in 

of  sum 

trap 

females 

"■oait  traps 

light  traps 

total 

Bait  traps    -  A 

17.1 

65.6 

15.7 

"        "       -  E 

2.1 

81.1 

2.0 

Light  traps  -  B 

10.3 

27.5 

9.9 

"       "       -  c 

19.9 

34.0 

19 .1 

Bait  traps    -  D 

15.2 

65-1 

14.6 

n         "        _  3 

17.1 

62.7 

38.7 

"        "        -  A  &  B 

9.4 

68.3 

17.8 

Light  traps  -  B  (£:  C 

15.1 

31.8 

:  28.9 

Bait  cc  Light-  B 

5.2 

36.7 

17.0 

S3.0 

11.9 

All  "bait  traps 

13.9 

54.6 

71.1 

All  light  traps 

15.1 

31.8 

28.9 

Sum  total 

16.5 

55.1 

71.1 

28.9 

ivote:     Data  for  trap  catches  include  figuires  from  all  traps  in  the  orchard. 


Ta"ble  3.    Band  Counts. 


Treatment 

Average  num"ber 
larvae  per  tree 

Percent  females 

■.  Plat  A 

37.7 

56.4 

"  B 

5.9 

51.0 

"  C 

21.4 

54.3 

"  D 

46.5 

53.9 

41.3 

51.5 

I;Tote:     Figures  are  talien  from  all  the  trees  in  orchard. 
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The  principal  criteria  used  in  evaluating  the  results  rrere  the 
"band  counts  and  fruit  examinations.    The.  data  ohtained  are  listed  in 
table  4. 

'TalDle  4.    Results  of  fruit  examinations- 


Apples   Average  number  per  100  apples 

Treatment  per  "~  TTorm 

tree  Clean        wormy      entrances  Stings 


A. 

Bait  traps 

2,348 

81.7 

10.9 

14.3 

10.6 

B. 

Bait  and  light 

traps  1,227 

93.2 

3.9 

5.1 

3.7 

C. 

L'ight  traps 

1,078 

82.4 

13.1 

16.9 

5.1 

D. 

Bait  traps 

1,527 

72.4 

20.7 

27.3 

ll,..l 

There  "was  a  generally  lower  population  in  1940  than  there  was  in  1939. 
The  reduction  in  injury  in  plat  C  which  load  heen  changed  from  bait  to  lights 
was  Liuch  greater  than  that  in  plat  D  which  was  equipped  with  bait  both  years. 
In  Plat  C  there  was  a  decrease  in  population  considerably  greater  than  the 
general  trend  but  in  plat  A,  which  had  been  changed  from  lights  to  bait, 
there  was  a  slight  increase  in  population  over  1939,  contrary  to  the  trend. 
The  results  of  this  reversal  of  treatments  confirm  the  conclusion  reached 
in  single  year  experiments,  that  the  light  traps  effected  a  conspicuous 
reduction  in  codling  moth  injury  and  population. 
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S.  C.  I'enda.ll  and  P.  J.  Chapman 

EIOLOGICaL-ISCEAIvICAI  CONTHOL 
■I » «  .1  *  ■  , 

xTTO  orchards  ^'ere  maintained  in  Orleans  County  in  1940  ""jrider  this  project, 
one  receiving  a  regular  codling  moth  spraj'  program,  and  the  other  ("oiological- 
mechsjiical  control  orchard)  ,  located  approxinatel^r  one-third  of  a  mile  rzest  of 
the  sprayed  orchard  recei"ed  only  the  sulfur  sprays  for  apple  scah.    1'he  crop 
in  ooth  orchards  T7as  25-50  percent  smaller  in  1940  than  in  1939,  res^ulting 
in  an  increase  in  Trormy  fruit  of  30  percent.    Eighty  percent  of  the  entire 
crop  in  the  hiological -mechanical  control  orchard  ^as  injuired  "03^  codling  moth. 
HoT7ever ,  the  total  population  of  worms  in  the  orchard  (estimated  from  inspec- 
tions of  dropped  and  picked  fruit)  nas  ten  thousand  less  than  that  in  1939,  a 
redfuction  of  one  hundred  and  forty  vrorms  per  tree.    All  trees  in  this  orchard 
T^ere  handed  viitli  untreated  bands,  and  the  dropped  fruit  v/as  collected  and 
removed  from  the  orchard  vreeklj?'.     ?our  thousa.nd  vrorms  were  removed  from  the 
"bands  during  the  season,  and  twenty-one  thousand  worms  were  estimated  to  have 
"been  removed  with  the  drops. 

Parasitism  hy  Ascogaster  carpocapsae  averaged  9,6  percent,  douole  that 
of  1959.    Predators  fo-jnd  in  the  hands  were  more  prevalent  in  1940,  the  two 
most  often  found  "being  Tene"broides  duoia  and       corticalis .     The  average 
parasitism  of  codling  moth  eggs  in  the  "biological-mechanical  control  orchard 
oy  Tricho gramma  was  29  percent.     This  was  considera"bly  higher  than  in  1939, 
when  the  parasitism  averaged  only  3.8  percent,    i'^o  liherations  of  Trichogramma 
ha.ve  heen  made  "but  almost  one  thou.sajid  individuals  of  Ascogaster  were  li"berated 
during  the  past  season. 

In  addition  to  the  stuc?^.''  of  egg  and  larval  parasites,  corrugated  strips 
of  card"board  containing  larval  cocoons  were  placed  in  different  localities 
throughout  the  "biological-mechanical  control  orchard.    After  a  week's  exposure, 
the  strips  were  placed  in  the  field  insectary.     Insects  reared  from  these  strips 
were:  Sphialtes  inf latus  Townes,  Liorach,ys  cavus  V7allc. ,  Ascogaster  quadridentata 
'Tesrn.  ,  and  Perilampus  capitatus  Smulyan.    a  Car  Did,  Harpalus  penns'/lvanicus 
DeG-eer  was  found  to  "be  nujnerous  in  the  "biological-meclianical  control  orcnard 
and  predaceous  on  larvae  in  cocoons  on  the  ground. 

'Ihe  sprayed  orchard  was  divided  into  four  different  plots.    One  plot  was 
sprayed  with  Cryolite,  one  with  Black  Leaf  155  concentrate,  one  with  lead 
arsenate,  and  the  other  reserved  as  a  check  plot.    The  lead  arsenate  plot  aver- 
aged 10  worms  per  tree;  the  nicotine  plot  89  worms  per  tree;  the  Cryolite  plot, 
341  worms  per  tree;  and  the  checks  averaged  998  worms  per  tree.    3gg  and 
larval  parasitism  was  ver^'-  low  in  this  orchard. 
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S.  J,  Newcomer,  In 'Charge 


Seasonal  Conditions  - 

^OT  the  third  season  in  succession  there  rras  a  raild  winter,  the  minimum 
"being  15°  I,  in  January,  1940.    Very  little  winter  .mortality  of  the  codling 
moth  occurred.    The  season  started  out  four  or  five  days  earlier  than  1939, 
and  was  about  10  days  earlier  than  normal.     Temper a.tures  during  the  latter 
half  of  I.iay  and  June  were  ahove  those  of  1939,  "but  in  July  and  AugiJLst  the 
weather  was  somewhat  cooler  than  in  1939  and  there  were  fewer  days  of  extreme 
heat.     The  first  10  days  of  September  were  abnormally  warm.    Although  the 
seasonal  rainfall  was  below  normal,  it  was  more  than  twice  that  of  1939. 
The  total  for  Hay  to  September,  inclusive,  was  1.61  inches,  most  of  which 
came  in  July  and  September. 

Since  the  location  of  baits  in  1940  was  different  from  that  of  1939, 
no  direct  comparison  can  be  made.    However,  in  one  orchard  in  1940,  38,000 
moths  were  caught  in  5  baits.    This  compares  with  44,000  caught  in  a  differ- 
ent part  of  the  same  orchard  in  1939.     In  another  orchard,  where  the  infestation 
was  lighter,  16,000  moths  were  caught  in  5  baits. 

Emergence  of  spring-brood  motiis  started  s'lortly  after  the  middle  of 
April,  reached  a  peak  just  before  the  middle  of  May,  and  continued  until  late 
in  Jujie.    The  peali  of  egg  deposition  occurred  late  in  May.    First-brood  moths 
appeared  at  the  end  of  June,  with  a  peak  emergence  early  in  July,  although 
the  greatest  catch  in  baits  6.id  not  occur  ■'until  August.    Moth  activity  continued 
until  after  the  middle  of  September,  resu.lting  in  a  long  season  with  heavy 
infestation. 

Orchard  Spraying  Experiments 

The  spraying  experiments  v/ere  made  in  three  orchards  in  1940,  using 
three-tree  plats  replicated  four  times  in  each  orchard.    There  were  thus  12 
trees  given  each  treatment  in  each  orchard,  from  each  of  which  random  samples 
of  250  apples  were  taten  at  harvest,  including  both  picked  and  dropped  fruit. 
The  orchards  used  were:     (A)  Delicious,  about  18  to  20  years  old,  having  a 
fairly  hea\^  crop  averaging  17  boxes  to  the  tree,  and  a  light  infestation; 
(3)  Home,  about  20  years  old,  having  a  light  crop  averaging  13  boxes  to  the 
tree,  and  a  heavy  infestation;  and  (C)  ITinesap,  about  30  years  old,  having 
a  hea^ry  crop  averaging  20  boxes  to  the  tree,  and  a  fairly  heavy  infestation. 
In  orchard  C,  there  were  also  three  toyis  of  Jonathans,  same  age  and  same  size 
crop,  with  a  hea\'y  infestation,  which  were  used  for  some  of  the  tests. 

Six  cover  sprays  were  applied  in  orchard  A  and  seven  in  the  other 
two,  as  follows:     Calyx,  Apr.  26  -  Hay  3;  First  Brood,  1st  cover.  May  IS- 
IS; 2d  cover.  May  23  -  29,  3d  cover,  June  3  -11;  4th  cover,  June  13  - 
22;  Second  Brood,  5th  cover,  July  8  -  15;  6th  cover,  July  23  -  Aug.  3;  7th 
cover,  Aug.  13-20. 
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Ta"ble  1. — Results  of  examination  of  or  chard- sprayed  apples  for 
the  control  of  the  codling  moth.    lakima,  '"Washington 


1940 


Plat 

Treatment  (Q,"aantities 
are  for  100  gals. ) 

Orch- 
ard 

uormyi.' 

^  1/ 
stungi' 

^  free 
from  worms 
cS:  stingsl/ 

Fiesidue 
at  harvest 
imng/  sq.on^./ 

8 

/ 

Plienothiazine ,  micronized;2  Ids. 
stove  oil,  1  qt;  IThite 
lling  soap.  1  1/2  Tos. 

A 

B 
C 

3.9 
4.8 
1.3 

1.6 
2.5 

1 . 4 

9-^  9 

r7  ry 
.  O 

9  f  .o 

10.8 
y .  o 

o<d  *  ± 

Av. 

3.3 

1.8 

95.^ 

1 

Lead  arsenate,  3  Ihs;  ?ine 
tar  soap, 1/4  Ih;  mineral 
Oil, 3  qts.m  place  oi  soap 

A 
B 

c 

5.9 
35.8 
12.4 

22.1 
52.5 
45.5 

74.0 
29.2 
50.5 

20.4 
19.1 
18.5 

in  3  cover  sprays 

Av. 

18.4 

43.4 

51.3 

10 

Standard  tank-mix  nic- 
cent,  as  in  3,  1st  orood; 
lead  ars.as  in  1, 

A 
B 
0 

9.7 
36.4 

17^. 

15.9 

o  •  \-/ 

44.2 

77.7 
36 . 2 
48.6 

11.2 
11 .4 
16.7, 

2d  brood. 

Av. 

21.2 

37.4 

54.2 

3 

Standard  tank-mix  nic- 
oen u  .    iMic.  suiiate  ,  i  po. 
hent , ,  5  ITds;  so3''Dean 

A 

n 
\j 

11.4 

AQ  Oi 

9.3 

LI.  A 

CO.  2 

80.8 
02. U 

1.3 

1  .O 
2.  D 

oil,  1  qt . 

ii.V. 

28.3 

25.3 

58.5 

5 

Stand,  tanlc-mix  nic.-'oent. 
witii  1/ a  02.  jJreit  aaded. 
iv'ic—  sulfate  cc  mineral  oil  in 

A 

•n 

ji 

17.3 

49  . 5 

oo  o 

14.0 

•7/1  yi 

34. 4 

72.1 
34.  ( 

AO  O 

1.2 
2.1 

l.O 

2,  3  cc  last  2  cover  sprays 

Av. 

32.0 

29.3 

51.9 

4 

Standard  tank-mix  nic- 
oent.  with  1/2  oz.  Dreft 
added. 

A 

B 
C 

13.4 
52.7 
34.1 

9.6 

38.4 
34.5 

79.5 
33.4 
45.3 

1.7 
2.6 

2.4 

Av. 

33.4 

27.5 

53.1 

6 

rhenothiazine ,  standard 
2  Tos;   stove  oil,  1  c^t; 
Thite  King  soap,  1  1/2  l"bs. 

A 

3 
C 

56.3 
65.8 
34.6 

20.2 
26.1 
X8.5 

37.5 
55.6 

5.6 
8-8 

18.1 

Av. 

52.2 

21.6 

40.1 

7 

Phenothiazine ,  standard, 

2  llDs;  iDeet  molasses,  2  & 

3  gal. 

A 
B 
C 

40.7 
85.8 
45.4 

17.0 
39.8 
26.2 

51.2 
9  .0 
44.6 

8.9 
13.2 
25.9 

Av. 

57.6 

27.7 

34.9 

9 

^vanthone ,  2  Ihs;  sodium 
oleate,  1  ITd;   zinc  sulfate 

B 
C 

20.5 
34.6 

15.6 
21.5 

71.1 
52.8 

S  oz . 

Av. 

27.5 

18.6 

52.0 

2 

Same  as  1;  2d,  3d  &  4th 
cover  STorays  delayed 

B 
C 

30.7 
48.7 

51.9 
49.7 

29.8 
29.5 

18.7 
14.4 

a"bout  10  days 

Av. 

39.7 

55.8 

29.7 

1 

Lead  ars.,  3  lbs;  Pine  tar  soap 
1/4  l"b.  Mineral  oil,  3  qts 

B 
C 

36.8 
51.4 

62.8 
51.0 

29.2 
29.0 

19.1 
12.5 

in  place  of  soap  in  3  covers 

Av. 

44.1 

55.9 

29.1 

!_/      Percent  wormy  not  weighted;  jjercent  stung  and  percent  free  from  worms  and 
stings  weighted  according  to  size  of  crop  on  each  tree. 

2/      Analj'-ses  made  "by  C.  C.  Cassil,  Insecticide  Division,  B-jjreau  of  Entomology 
and  Plant  Q,uarantine.    Pigures  are  for  AsgO^  in  plats  1,  2  and  10;  for 
nicotine  in  plats  3,  4  and  5;  and  for  phenothiazine  in  plats  6,  7  and  8. 
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The  treatments  tested,  the, results  of  the  harvest  cOiints,  and  the 
spra^  residue  at  harvest,  are  given  in  TalDle  1.    The  percentages  stung  and 
free  of  ^orns  and  stings  are  weighted  within  orchards,  hut  the  general 
averages  of  the  three  orchards  are  not  Treighted.    The  percentages  of  wormy 
fruit  are  not  weighted  at  all  in  order  that  they  may  he  used  in  connection 
with  the  following  differences  in  percentage  required  for  significance  at 
odds  of  99:1,  as  ascertained  "by  ana.lysis  of  variance: 

7.7  ■ 
7.1 
9.5 
14.4 

Thus,  the  r.iicronized  phenothiazine  (S)  was  significantly  "better  than 
lead  arsenate  (l)    and  the  contrast  hetween  it  and  the  standard  phenothiazine 
(5  and  7)  is  very  striking.    Hicotine-hentonite  used  for  the  first  "brood  and 
followed  "by  lead  arsenate  (lO)  was  not  significantly  poorer  than  lead  arsenate 
used  tiiroughout  the  season  (l).     The  various  ni cot ine-hentonite  -treatments 
(3,  4  and  5)  were  significantly  poorer  as  regards  wormy  fruit,  with  the 
exception  of  -3  and  4  in  orchard  A,    The  standard  phenothiazine  (6  and  7)  was 
very  poor.    Xanthone  was  signif icantlj?-  hetter  than  lead  arsenate  in  hoth 
orchards,  and  the  delayed  application  of  lead  arsenate  (2)  did  not  result  in 
any  significant  difference  from  the  regular  applications. 


i^eekly  examinations  of  500  tagged  apples  in  each  of  several  of  the 
treatments  were  made  from  July  18  to  Sept.  5,  and  the  following  num"bers  of 
worms  and  stings  occurred  on  these  apples  during  this  period: 


Plat 

Treatment 

Ti  c .  worms 

Ho .  stings 

1. 

7inesap 

Lead  ar senate 

27 

171 

3. 

^ine  sap 

i'  i  CO  t  ine— hen  t  on  i  t  e 

60 

79 

S. 

'•'inesaxD 

Phenotiiiazine  (micro.) 

2 

2 

1. 

•Jonathan 

Lead  arsenate 

269 

183 

9. 

J  onathan 

Xanthone 

71 

40 

The  nicotine  (3)  caused  much  greater  increase  in  worms  than  the  lead 
arsenate  (l),  while  the  phenothiazine  (8)  allowed  almost  no  increase.  The 
increase  on  the  fruit  sprayed  with  xanthone  (9)  was  much  less  than  on  that 
sprayed  with  lead  arsenate. 


Injur:/:     In  "plat  7  (standard  phenothiazine  used  with  heet  molasses), 
"bls.ck  pimples  appeared  on  the  fruit,  apparently  caused  hy  the  molasses,  as 
they  did  not  appear  in  plat  6.     In  plat  9  (xanthone),  slight  foliage  injury 
occurred  earl;/  in  the  season.    The  Jonathan  apples  hecame  noticeably  rus- 
setted,  especially  at  the  calj^'X  ends,  hut  this  russetting  did  not  occur  on 
Home  s . 

Size  of  fruit:     The  average  number  of  apples  per  hox  occurring  in  the 
various  plats  is  given  Delow: 


.Orchard  A 

"        C( wine sap) 
"        C (Jonathan) 
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1 

1  Plat 
i 

Txeatnent 

Size  (av. 

No.  appl 

es  per  "box) 

i 

! 

Delicious 

Fwome 

"iTinesap 
 ,  

1  

! 

i 

i  1* 

1 

Lead  arsenate 

82 

70 

121 

i 

i  3. 

i 

A'icotine-'beiitonite  (stand-- 
ard  tank  mix) 

85 

70 

135 

■ 

i 

4. 

Do  . ,  Dref.t  acded 

77 

70 

135 

5. 

Do.,  alt.  with  nic-oil 

80 

■ 

78 

136 

6. 

Plienothiazine  (standard) 
stove  oil  aad  soap. 

76 

58 

141 

7. 

Fhenothiazine  (standard) 
molasses 

78 

77 

141 

8. 

Piien  0 1  hi  a z  in e  ( m i  c r  on  i  z  e  d ) 
stove  oil  and  soap 

31 

78 

148 

10. 

Nicotine-lDentonite  ,1st  orood;  79 
lead  arsenate,  2d  Drood.  i 

76 

132 

av. 

all  "olats 

80 

7'^ 

135 

- 

j 

.  i  Jr.ome 

J  onathan 

1. 

Lead  arsenate 

70 

122 

2. 

Do.,  delayed 

76 

127 

9.  . 

Xanthone 

139 

1 

i 

uJhere  was  no  effect  from  any  of  the  sprays  on  the  size  of  Delicious  or 
Home  apples.    It  might  appear  that  the  nicotine  treatments  had  influenced 
the  size  of  TJinesaps.    This  was  not  evident  in  previous  shears,  however. 
It  appears  8.1so  that  the  phenothiazine  resulted  in  smaller  'Tinesaps.  There 
is  evidence,  too,  that  xanthone  reduced  the  size  of  Jonathans,  and  this 
effect  may  he  related  to  the  russeting  of  this  variety-. 


Color  of  fruit:     I'here  wa.s  a  very  marked  reduction  in  the  color  of 
fruit  liy  the  phenothiazine ,  the  average  percentage  of  extra  fancy  color 
on  the  tiiree  varieties  heing  onlj^  46,  as  compared  with  71>3  in  the  fruit 
sprajred  with  lead  arsenate.    No  effect  on  color  resulted  from  nicotine  or 
xanthone.  . 

Biological  Studies 

Moth  Hmergence  Records:     The  first  emergence  Tras  observed  April  18  and 
the  -peak,  of  the  spring  "brood  emergence  occurred  between  May  7  and  14. 
About  40  percent  of  the  spring  brood  emergence  was  observed  after  the  above 
peak.    Most  of  the  late  moths  emerged  from  cool  shaded  places  about  the 
tree  and  from  the  ground.    The  maximum  nujnber  of  emergences  from  the  ground 
was  observed  during  the  last  two  weeks  of  June  —  over  a,  month  after  the 
peali  of  emergence  from  the  trees.    First  brood  moths  began  to  emerge  about 
the  first  of  July  and  reached  a  peak  about  July  15.    There  was  a  gradual 
decrease  from  the  middle  of  July  until  the  end  of  the  season. 

Bait  records  (molasses  baits) :     The  first  moths  were  caught  April  19 
and  the  -peak  of  the  spring  brood  catch  occurred  l.Iay  17  -  23.     The  peak  was 
reached  about  a  week  after  the  peak  of  emergence.    First  brood  moths  appeared 
in  the  baits  at  the  beginning  of  July  and  increased  to  a  peak  during  the 
first  week  of  August.     The  catch  was  high  during  August  and  decreased  sharply 
during  the  first  half  of  September. 

^gg  deposition  and  larval  entrances:    ^ggs  were  first  observed  on 
Hay  13  and  reached  a  peak  between  I.Iay  17  and  ICay  23,  which  was  during  the 
peak  of  moth  catch  in  baits.    Sggs  were  deposited  continuously  during  June. 
There  were  two  peaks  of  deposition  by  first  brood  moths  —  one  about  the 
middle  of  July  and  the  other  about  the  middle  of  Augiast .     These  peaks  were 
both  more  or  less  indicated  by  bait  catches.    First  brood  larvae  entered 
the  fruit  in  maximum  numbers  about  10  days  after  the  peak  of  egg  deposition. 
During  July  and  August  about  a  week  was  required  for  the  eggs  to  hatch. 

Sotar:/  riet  records:    A  rotary  net  was  constructed  similar  to  those  in 
use  for  catching  the  beet  leafhopper,  pea  weevil,  etc.,  in  an  attempt  to 
find  a  method  to  determine  the  moth  population  in  an  orchard  vdthout  the 
use  of  attractant  lights  or  baits.    The  apparatus  has  two  nets,  10  and  15 
feet  high,  which  rotate  on  a  horizontal  plane.    The  arms  holding  the  nets 
are  7  feet  long,  thus  the  diameter  of  the  paths  of  the  nets  is  14  feet. 
The  screen  nets,  18  inches  in  diameter  at  the  large  end,  are  operated  by 
a  1  h.p.  electric  motor  at  a  speed  of  about  20  m.p.h.    The  apparatus  was 
placed  between  two  trees  so  that  the  lower  net  nearly  touched  the  branches 
of  two  trees,  while  the  upioer  net  was  opposite  the  tops  and  about  8  feet 
away.    Oi^eration  of  the  net  was  begun  during  the  last  of  June,  and  continued 
until  September. 

During  most  of  the  season  the  number  of  moths  caught  in  the  lower  net 
closely  approximated  the  average  number  caught  in  baits,  but  after  the 
middle  of  August  the  number  caught  oy  the  net  fell  behind.     The  upper  net 
caught  only  lO'/o  as  many  moths  as  the  lower  one.    The  average  daily  catch  in 
tne  lower  net  was  64.5  moths  and  the  average  daily  catch  per  molasses  bait, 
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in  the  same  part  of  the  orchard,  was  77.3  moths*    This  appears  to  he  a  very 
promising  method  of  determining  seasonal  moth  population  in  an  orchard. 

Comparison  of  the  Ilirsten  Lig-it  _  trfe^ps  and  molasses  "baits:     T^o  Hirst  en 
light  traps,  operated  in  a  commercial  orchard,  were  made  availahle  for 
comparison  with  molasses  halts  in  the  same  orchard  ahout  125  yards  away» 
Ihe  ICirsten  trap  has  a  tuhe  of  infra  ired  light  arched  over  a  small  trans- 
former hoxi  and  a  tuhe  of  ultra  violet  light  aroimd  the  hox  horizontally. 
The  light  -unit  is  placed  in  the  top  of  a  metal  funnel.    A  jsjr  containing 
some  calcium  cyanide  is  fastened  to  the  oottom  of  the  funnel  to  catch  the 
moths.    The  traps  were  hung  from  poles  which  were  between  two  rows  of  trees, 
at  aoout  the  height  of  the  tree  tops. 

The  traps  were  in  operation  30  nights  during  Hay  and  June.    '.Tith  only 
a  few  exceptions  the  catch  per  unit  was  higher  in  the  molasses  ha-its.    The  . 
total  catch  in  the  light  traps  was  254  moths  per  unit,  while  the  total  catch 
in  the  molasses  "baits,"  during  the  nights  the  light  traps  operated,  was  472 
moths  per  unit.    The  owner  discontinued  the  Xirsten  traps  June  18  "because 
of  the  disappointingly  small  catch  of  moths.    Had  the  traps  he en  operated 
later,  it  is  pro"bahle  that  they  would  have  given  a  hetter  account  of  themselves, 
as  d'Liring  the  period  of  operation  temperat'ores ,  after  it  was  dark  enough  for 
the  lights  to  he  effective,  were  mostly  too  low  for  much  flight.    Later  in 
the  season,  this  would  not  have  heen  the  case. 

Orchard  Sanitation  Experiments 

Experiments  with  orcliard  sanitation  (scraping  and  handing)  were  con- 
tinued in  the  Gil"bert  orchard  for  the  6th  season,  and  in  the  Sundquist  orchard, 
formerly  the  Buchanan  orchard,  for  the  second  season.    A  new  set-up  in  the 
3,  A,  Bannister  orchard  was  operated  for  fne  first  time.     In  the  G-il"bert 
orchard  (tahle  2)  with  two  less  spra^-  applications  (the  3rd  and  5th  covers) 
omitted  in  the  sanitation  plat,  there  was  less  control  than  in  the  check. 
Last  year  with  one  spray  omitted  in  the  sanitation  plat,  the  crop  was  still 
cleaner  than  in  the  check,  although  there  were  a  few  more  vroxmy  apples. 
Last  year  Jonathans  were  18.3  percent  wormy  in  the  sanitation  plat  and  17.5 
percent  in  the  check;  58.4  percent  clean  in  the  sanitation  and  49.1  percent 
in  the  check.,    VJinesaps  were  3.4  percent  wormy  in  the  sanitation  plat  and 
4.3  percent  in  the  check;  70  percent  clean  in  the  sanitation  plat  and  65.7 
percent  in  the  check.     In  1940,  however,  Jonathans  were  22.5  percent  wormy 
in  the  sanitation  plat,  and  13.6  percent  in  the  check;  56.0  percent  clean 
in  the  sanitation  plat  and  63.9  percent  in  the  check.    77inesaps  were  8.6 
percent  and  3.6  percent  wormy  in  sanitation  and  check  plats  respectively; 
64,8  and  80.2  percent  clean  in  sanitation  and  check  plats  respectively. 


Table  2. — He  suits  of  Scraping  and  "bandihg  experiments,  Yakima, 
"vTasiiington ,  194G 


Orchard 

Variety 

Percent  of  ap- 
ples wormy 

Percent  of  ap- 
ples stung 

Percent  of  ap- 
ples clean 

Sani-  Check 
tat ion  Plat 
plat 

Sani-  Check 
tat ion  plat 
plat 

Sani-  Check 
tat ion  plat 
plat 

GillDert 

J  onathan 
17inesap 

22.5  13.6 
8.6  3.6 

30.1  27.7 
30.7  17.9 

56.0  53.9 
64.6  80.2 

Sundquist 

Jonathan 
vJine  sap 

Rome 

13.8  30.0 
6.7  10.0 

11.2  16.8 

23.1  47.5 

33.2  53.2 
X\    4-           PI'S  ft 

28.5  55.0 

67.6  40.8 
64.2  ,44.8 

66.7  42.3 

Bannister 

V^inesap 

Delicious 

Home 

7.4  9.0 
10.7  13.8 
11.3  17.7 

37.9  41.2 
41.3  45.2 
45.1  55.0 

58.3  55.4 
54.3  49.4 
50.7  39.3 

■ 

In  the  C-ilhert  orchard  there  was  7.8  percent  more  apples  on  the 
Jonathan  check  count  trees  than  on  the  sanitation  count  trees,  and  13.5 
percent  more  'Tinesaps.    This  difference  is  prooably  not  significant.    In  all 
comparisons  in  the  other  orchards  the  crop  was  invariahly  larger  on  the 
sanitation  comit  trees  than  on  checks. 

The  Sundquist  set-up  was  somewhat  cleaner  than  in  1939  in  all  vari- 
eties except  TTine saps,  which,  "because  of  a  much  lighter  crop  tliis  year, 
showed  a  higher  percentage  of  infestation.    All  four  varieties  in  the  sani- 
tation plat,  however,  showed  cleaner  fruit  than  in  the  check"  plat. 

The  Bannister  orchard  set-up  consisted  of  ahout  25  acres,  isolated 
on  three  sides,  and  with  a  few  acres  of  more  or  less  scattered  tut  cared- 
for  trees  on  the  fourth- side.     The  sanitation  plat  was  scraped  after  much 
moth  emergence  had  taken  place  and  therefore  the  full  "benefit  of  the  scraping 
program  was  not  obtained.    Bands  were  applied  in  early  June  as  in  other 
orchards.    All  three  varieties  examined  were  freer  of  worms  and  stings  in 
the  sanitation  plat  than  in  the  check,  "but  the  difference  was  probably  not 
significant  except  in  the  Homes  which  showed  a  difference  of  11.4  percent 
in  control  between  the  sanitation  and  check  plats. 

Summarizing  six  season's  tests,  every  one  of  the  43  comparisons  by 
varieties,  shows  a  more  or  less  definite  increased  control  for  the  sanitation 
program,  except  the  two  in  the  G-ilbert  orchard  in  1940,  which,  with  two 
sprays  omitted  in  the  sanitation  plat,  showed  considerably  less  control  than 
the  check. 
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Average  worm  capture  in  "bands:    Bands  in  the  C-illjert  orchard,  the 
only  one  examined  to  date 4  shon  that  Jonathans  averaged  248.6  wrms  per 
tree  and  '^inesaps,  127i9*    'This  vs.s  an  incrSAse  of  9.9  percent  in  the  aver- 
age n-umher  caught  on  Jonathans  and  220 i 3  percjent  on  winesaps  over  the 
1939  average. 

Percent  of  exited  larvae  caught  in  hands;     In  tests  to  determine  the 
percent  of  exited  larvae  caught  in  hands  on  trunks  or  trunks  and  limos  of 
scra.ped  trees,  out  of  a  total  of  9958  larvae  that  had  left  the  fruit  on 
32  trees,  5417  larvae  were  captured  in  hands,  or  54.5  percent.     (Last  i^ea-T 
44.4  percent  and  the  year  hefore  45.0  percent).    The  highest  percentage 
caught  was  on  Jonathans  in  the  Sundquist  orchard,  66.1  percent,  and  the 
lowest,  on  "Winesaps  in  the  Bannister  orchard,  37.0  percent.    Bands  on 
Jonathans  and  Homes  capture  a  larger  proportion  of  the  larvae  leaving  the 
fruit  than  they  do  on  other  varieties,  partly  due,  as  stated  last  year,  to 
the  thoroughness  ^ith.  which  these  varieties  can  he  readily  scraped,  and 
also  to  the  large  proportion  of  nat^Jirallj"  smooth  hark  surface  where  there 
are  no  hiding  places  for  the  larvae. 

Comparison  of  hands  on  tr-gnks  and  trunks  and  limhs:     Analysis  of 
the  proportion  of  larva.e  caught  in  hands  on  trunks  and  trunks  and  limhs  in 
the  tests  to  determine  the  percentage  of  exits  caught  in  hands,  shows  that 
the  trunk  hands  alone,  on  alternate  trees caught  44.8  percent  of  the  exits 
while  trunk  and  limh  hands  on  the  same  nunher  of  alternate  trees  caught 
64,9  percent.     In  every  case  the  comhinations  of  t runic- and  linh  hands 
caught  more  than  trunlc  hands  alone,  hut  required  3  times  as  much  additional 
handing  material. 

The  least  proportion  of  exits  caught  in  trunk  hands  was  25.2  percent 
on  Delicious,  the  higliest,  53.3  percent,  in  Eomes.    The  least  proportion  of 
exits  caught  in  trunk  and  limh  hands  was  48.5  percent,  in  T/inesaps;  the 
highest,  73.9  percent,  in  I-lomes.     In  1939,  when  hands  were  shifted  weekly 
throughout  the  season,  alternating  hetween  trunks,  limhs,  and  trranks  and 
limhs,  the  comhination  of  trunk  -  limh  hands  averaged  ahout  50  percent  more 
larvae  than  trunk  hands  alone.     This  season,  without  shifting,  the  same 
comhination  caught  ahout  45  percent  more  than  trunk  hands  alone. 

Location  of  hihernating  larvae  on  trees  scraped  and  handed  in  1939 

A.  As  to  part  of  tree:     I'inute  examination  of  every  inch  of  s-orface 
of  22  trees  scraped  and  handed  in  1939,  showed  the  location  of  hihernating 
larvae  in  the  spring  of  1940  as  shomi  in  tahle  3, A. 

B.  AS  to  kind  of  location;     'These  same  data  were  reassemoled  as  to 
kind  of  location  (tahle  3,B). 
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•TalDle  3. — Location  of  liilDernaiing  larvae  as  to  part  of 

tree,  and  as  to  natiare  of  locationi^    Surrey  of  22 

trees  scraped  and  "barided  the  previous  season.  The 

data  in  "both  parts  of  the  ta'ole  are  from  the  same  trees. 


A.  Location 
larvae  as 

of  hilDernating 
to  part  of  tree 

B.  Location  of  hil)ernating  larvae 
as  to  kind, .of  location 

Location 

Average 
No.  of 
larvae 

Percent 

of 
■  total 

Location 

Average 
¥.0,  of 
larvae 

Percent 
of 
total 

Trunk 

3.8 

21.2 

■Sough  "bark 

4.8 

26.9 

Scaffold  limlDs 

3.9 

22.0 

1   Pruning  ?7ounds 

2.5 

14.3 

Branches 

8.9 

50.2 

!  Crotches 

4.9 

27.4 

Attached  to 
trunk  in  soil 

0.9 

5.1 

Snots 

4.2 

23.5 

I  li  s  c  e  1  Ian  e  ous* 

0.27 

1.5 

j   Broken  limbs 

0.23 

1.3 

Average 

per  tree 

17.8 

1   Attached  to 
tr^-onk  in  soil 

lii  seel  lane  ous* 

0.91 
0.27 

5.1 
1.5 

In  addition  to  these,  by  sifting  and  examining  trash  and  soil  in 

1/4  area  under  each  tree,  the  following  were  fcand:     1  at  one  TTinesap 

tree,  1  at  a  Jonathan,  and  3  at  a  pLome ,  out  of  22  trees. 


Location  of  hibernating  larvae  on  unscraped  trees: 

A.  As  to  part  of  tree:     Minute  examination  of  every  inch  of  sur- 
face of  14  trees  that  had  never  been  scraped  or  banded,  showed  the 
location  of  hibernating  larvae  in  the  spring  of  1940,  as  shown  in 
Table  4, A. 

E.  As  to  kind  of  location:     These  same  data  were  reassembled  as 
to  kind  of  location  (table  4,B). 


-36- 


18,1316  4. — Location  of  hilDernating  larvae  as  to. part  oi"  tree, 
and  as  to  nature  of  location  on  14  Unscraped  trees.- 
The  data  in  'ooth  pal'ts  of  the  talDle  are  from  the 
same  trees* 


A,  Locati 
larvae 

oh  ,of  hi"ber 
as  to  part 

! 

nating  j 
of  tree  j 

B.  Location 
vae  as  to 

of  hibernating  lar- 
kind  of  location 

Location 

.  Average 
No.  of 
larvae 

Percent  [ 
of     ■  i 
total  i 

Location 

Average 
No.  of 

-Lai.  vat? 

Jr'ercent 
of 

Trrnik 

31.1 

 li 

35.7  j 

5.ough  bark 

45.7 

52.5 

Scaffold  limbs 

36.6 

■ 

42.0 

Pruning  wounds 

■  ■ 

1.7 

..  2.0 

Branches 

9.93 

11.4 

Crotches 

23.7 

27.3 

Attached  to 
trunk  in  soil 

8.1 

9.3 

ICnot  s 

6.1 

7.0 

Trash  in  soil 

0.93* 

1  1  ^ 
1.1  1 

Broken  limbs 

0.29 

0.3 

Miscellaneous 

0.43 

0.5  i 

! 

! 

Attached  to 
trunk  in  soil 

8.1 

9.3 

Average  per 
tree 

87 

1 

1 

I 

'Trash  &  soil 
I'iscellaneous 

0.93 
0.43 

1.7 
0.5 

*  Calculated  from  examination  of  1/4  area  under  trees.    Actually  2  found 
at  one  tree  and  2  at  another  for  the  whole  14  trees. 


Comparison  of  location  of  hibernating  larvae  on  unscra,ped  trees  and 
trees  scraped  and  banded  in  1939;     Trees  scraped  and  banded  in  1939  showed 
an  average  of  17,8  larvae  per  tree  in  the  spring  of  1940,  compared  v/ith 
87  on  unscraped  trees.    On  scraped  trees  50  percent  of  the  hibernating 
larvae  were  on  the  branches  where  evidently  there  were  more  suitable 
hibernating  quarters  than  elsewhere.    Unscraped  trees  had  only  11.4  per- 
cent on  the  branches  but  77.7  percent  on  the  trunks  and  scaffold  limbs. 
No  hibernating  larvae  to  speak  of  were  found  in  the  trash  and  soil 
unattached  to  the  tree  at  either  scraped  or  unscraped  trees.    T/hen  the 
rough  bark  is  removed       scraping  a  larger  proportion  of  the  Isonrae 
become  established  in  pruning  wounds  and  about  iaiots  than  where  the 
rougher  bark  is  present  for  them  to  hide  in. 


Loss  of  "beta-naphthoi-  iii  chemicaHy-treated  Tpands:  Beta-naphthol 
iDands,  consisting  of  tw  formulae  of.  4  chemical  loads  each*  prepa,red  "bj 
Dr.  E,  H.  Siegler,  and  commercial  "oands  prepared  for  1939  "but  -ujiopened, 
and  1940  commercial  TDands,  were  applied  on  orchard  trees  June  10  and 
removed  Septem'ber  4.    Samples  of  each  kind  were  saved  at  "both  dates  for 
chemical  analysis.    Analysis  'bj  Mr,  C.  C.  Cassil,  of  the  Insecticide 
Division,  shov;ed  an  average  loss  of  65  percent  for  all  bands.    All  bands 
containing  aluminum  stearate  in  addition  to  'beta-na^hthol  lost  about 
80''fo  while  those  containing  none  lost  about  55/:».    Unopened  .year-old 
commercial  bands  lost  57  percent  compared  with  47  percent  for  1940 
bands.    Evidently  j^-ear-old  unopened  bands,  (if  stored  in  a  cool  place 
as  these  were)  are  satisf stctory  to  use,  although  the  loss  of  beta- 
naphthol  may  be  somev/hat  greater  than  from  new  bands. 

Codling  moth  larvae  from  1938  transform  to  moths  in  1940;     In  an 
orchard  that  was  badljr  infested  in  1938,  and  which  had  many  fruitless 
trees  in  1939,  thousands  of  hibernating  larvae  from  1938  failed  to 
pupate  in  the  soil  and  transform  to  moths  in  1939.    In  cages  built 
about  several  tree  trunks  in  this  orchard  in  1939,  some  900  moths 
emerged  from  the  1938  or  two  year-old  larvae  in  1940,  thus  substan- 
tiating more  meagre  observations  by  others  that  codling  moth  larvae  may 
sujTvive  two  seasons  before  transforming  to  moths. 
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•    -  'ICEAEi^SYSVILLSl',  tTSST  VIEGIl'IA  "  ■ 

'Hd'^rin  Q-duld,  In  General  dharge 

Gr*  H.  G-eissler,  In  Inuqediate  Charge 

These  investigations  were  carried  Oil  Joiiitly  "by  the  Bureau^  of  Sntomology 
and  Plant  Q,uarantine  and  the  '.7est  Virginia  Agricultural  'Slxperiment  Station* 

1 .  Seasonal  Conditions  and  Codling  I'oth  Ahundance  During  the  1940  Season. 

In  the  Shenandoah  CumlDerland  fruit  "belt  the  active  season  of  develop- 
ment of  fruit  and  insects  was  aonormally  late  in  iDeginning.    G-rimes  and 
Jonathan  varieties  "began  the  general  pealc  of  "blooia  on  Hay  11.    In  1939  the 
petal-fall  spray  was  applied  May  6  and  in  1940  it  was  necessarily  delayed 
until  May  18.    Bloom  was  heavy  and  good  weather  "brought  ahout  an  excellent 
set  of  fruit  in  the  area- 

The  first  codling  moth  appeared  in  the  hait  pails  on  I/Iay  14,  seven 
days  later  than  in  1939.    It  is  of  interest  to  note  here  that  the  develop- 
ment of  moths  and  fruit  hoth  remained  a  -./eek  or  more  late  throughout  the 
season.    Harvest  operations  were  completed  later  than  usual.  Activity 
during  the  first  iDrood  was  short  and  intense ,  covering  a  period  of  approx- 
imately 29  days  as  compared  with  45  in  1939.    Peak:  of  fijst  "brood  activity 
took  place  on  Hay  30.     Immediately  following  the  peal^:  of  activity  the 
num"ber  of  moths  recorded  from  the  pails  was  reduced  to  an  almost  negligilJle 
figure.    This  low  level  was  maintained  i;jitil  the  "beginning  of  the  second 
orood.    The  opposite  was  true  in  1939  when  a  heaYj  moth  catch  persisted 
three  weeks  or  more  after  peak.    The  delayed  emergence  of  moths  "brought 
a"bout  a  concentrated  period  of  activity  and  made  control  measures  relatively 
easy  where  adequate  and  properly  timed  sprays  were  utilized.    Growers  who 
failed  to  follow  recommended  schedules  suffered  severe  losses  of  fruit. 

The  second  "brood  activity  of  moths  "began  one  week  later  than  in 
1939.    Trom  its  "beginning  on  August  1  emergence  and  activity  continued 
heavy  well  into  September.    The  iDeak  of  second  "brood  was  reached  on  August 
20. 

Throughout  the  season  records  were  kept  on  hatching  and  entr^^  of 
codling  moth  larvae  iDjr  the  daily  examination  of  200  fruits.    The  peak  of 
hatch  for  first  "brood  as  indicated  "by  this  source,  occurred  on  June  25, 
and  on  August  19  for  the  second  "brood.    Hatching  continued  until  at 
least  Octoher  1  and  accounted  for  what  appeared  to  "be  a  greater  than 
usual  number  of  early  instar  larvae  present  in  harvested  fruit.    A  very 
su"bstantial  carry-over  of  larvae  is  anticipated  for  the  1941  season. 

2.  Pield  Bxperiments  with  Insecticides. 

The  spraj?-  tests  for  1940  were  designed  originallj'-  to  reduce  the 
first  "brood  to  the  point  where  second  "brood  spraying  could  "be  entirely 
eliminated.    Because  of  the  short  duration  of  the  first  "brood,  it  was 
found  impossi"ble  to  apply  more  than  three  of  the  fcjir  sprays  planned  to 
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accomplish  this  result,  Althdii^  control  in  the  "bulk  of  the  tests  T7as 
excellent  at  the  end  of  f irst ..Iprood  one  second  "brood  spray  was  applied 
mainly  in  order  to  protect  the  groxrer. 

Fifteen  treatments  vexe  included  in  the  group.    All  treatments 
were  applied  in  duplicate  orchards  using  the  single  tree  plot  system, 
with  5  one-tree  replicates  in  each  orchard.    One  orchard  (Stewart)  is 
considered  as  heavily  infested,  while  the  second  (Shryock)  is  liglitly 
infested.    First  "brood  counts  were  made  in  "both  localities  in  addition 
to  the  usual  drop  and  harvest  counts.    A  study  of  the  tahles  included  ■ 
shqws  the  difficulty  of  attempting  to  evaluate  the  results  in  most 
0^ .the  treatments  due  to  the  fact  that  control  was  exceptionally  easy 
to  effect.    Treatments  13,  14  and  15  designed  as  non-wash  schedules 
show  a  rather  high  percent  of  injured  fruits  indicating  that  the 
infestation  was  of  sufficient  proportions  to  warrant  experimental  work. 
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*  -  All  treatments  except  Nos.  2  and  3  received  a  petal- fall  spraj^  of 
lead  arsenate,  3  los.;  Lime- sulphijir  2  gallons;  Line  6  los*    Lead  arsenate 
'ms  omitted  from  this  spra^'-  on  i'os.  2  and  3  in  order  to  test  tHe  value '  of 
this  procedure.     Since  the  first  cover  spray  occiirrsd  only  8  days  after 
calyx  these  tv^o  treatments  v;ere,  according  to  their  original  plan,  changed 
to  "become  the  same  as  the  standard  (i>'c.  l)  treatment  mth  the  exception 
of  the  petal-fall  spray. 

-  Athreviations  used  in  the  foregoing  tahle  include  the  folloTring: 

.  Bordo  =  2-4-100  Bordeaux 
S'lot.  Sul.  =  notation  Sulfur,  5  Ihs. 
L.A,  =  Lead  Arsenate,  3  IIds. 
Lime  =  Amounts  indicated  in  table, 
i'ic.  =  l^icotine  Sulfate  (40}j  nicotine)  1  pint. 
Sum,  Oil  =  77hite  or  summer  oil  emulsion,  1  gallon. 
?roc.  ilic.  Bent.  =  Jactoiy  processed  1: icotine-Bentonite ,  4  Tos. 
^^anthone  =  Commercial  ^^anthons ,  2  Its. 
Sod.  Ole  =  Sodium  Oleate ,  1  lb. 
Zinc.  Sul.  =  Zinc  Sulphate,  4.5  oz. 
Br,  Sug.  =  Brown  Sugar,  12  lbs. 
Or\nis  =  Orvus,  l/2  oz. 
Cal.  A.  =  Calciim  Arsenate,  4  lbs. 
Bent.  =  Bentonite,  5  lbs. 

The  results  presented  in  the  foregoing  table  show  definitely  the  ease 
with  which  codling  moth  was  controlled  by  means  of  adequate  and  timely 
sprays.    j^To.  1,  the  standard  lead-arsenate  schedule,  remains  the  most  effec- 
tive and  economical  of  any  of  the  treatments  ^iinder  consideration.     It  pro- 
duced 83.5  percent  clean  fruits  in  the  heavily  infested  Stewart  orchard  a 
difference  of  slightly'-  over  1  percent  less  than  was  present  during  first 
brood. 

i^To.  4  the  processed  nicotine  bentonite  plot  with  summer  oil  and  40fj 
nicotine  sulphate  added  gave  better  control  than  any  of  the  other  materials. 
Severe-  defoliation  from  this  combination  resulted,  however,  an.d  fruit  finish 
was  badl3?-  impaired.    ITos.  5,  6  and  7  containing  summer  oil  and  nicotine 
sulphate  added  to  the  standard  schedule  all  gave  satisfactory  results. 
I'.o.  6  was  particularly  efficient,  producing  90.9  percent  clean  fruits  in 
the  Stewart  orchard  with  summer  oil  added  to  the  second  and  third  cover 
sprays.    No.  7  with  the  same  schedule',  but  having  nicotine  s'cilphate  added 
to  the  second  cover,  gave  slightly  poorer  results  producing  85.8  percent 
clean  fruits  in  the  same  orchard. 

j^To.  8,  9  and  10  contained  brown  sugar  in  combination  with  various  lead 
arsenate  mixtures.    All  but  No.  10  containing  5  po-onds  of  bentonite  in 
place  of  the  2-4-100  Bordeaux  gave  results  comparable  to  the  standard  (iTo.  l) 
sched-ole.    The  brown  sugar  used  at  12  pounds  per  100  gallons  appeared  to 
add  nothing  to  the  control  value  of  these  combinations.    Kos.  8  and  9  were 
severely  injured  in  the  first  sprays  which  included  sugar.    No.  10  produced 
injury?-  when  Bordeaux  was  applied  in  the  4th  cover. 


The  Xanthon-3  treatments  sho^iTed  little  promise  as  slionn  in  treatments  11 
and  12.    Ho.  12  "beginning  Tvith  tvo  covers  of  lead  arsenate  follotred  "bj  tvo  of 
Aanthone ,  as  recommended  tiv-  the  manufacturer,  produced  feTTer  Y/ol^ms,  "but  as 
many  total  injuries  as  i^o.  11.    No.  11  "began  the  Xanthone  earlier  with  the 
second  cover  spray  and  produced  a  total  of  14.4  percent  of  its  fruits  vioTmj. 
The  second  "brood,  ineffective  on  treatments  containing  lead  ay'senate  in  the 
4t.i  cover,  was  very  severe  on  these  two  treatments.    Both  of  these  treatments 
showed  hadly  injured  foliage  although  finish  and  color  of  fruit  were  satis- 
factory. 

riots  13,  14  and  15  were  applied  as  non-wash  schedules.  ,  They  illustrate 
the  futility  of  growers  attempting  to  raise  quality  fruit  by  means  of  such 
schedules  where  the  coclJing  moth  is  a  considerable  factor.    They  indicate 
also  that  both  orchards  had  an  infestation  of  sufficient  proportions  to  war- 
rant experimental  spraying.    They  further  emphasize  the  ease  with  ivhich  control 
v;as  obtained  in  this  a.rea  when  proper  schedules  were  in  use. 

3.    Biological-Mechanical  Control . 

This  project  was  begun  in  1935  and  was  planned  in  order  to  observe  and 
study  the  codling  moth  under  a  virtually  non-spray  program.     The  five  years 
planned  as  necessary  to  accumulate  sufficient  data  for  this  purpose  is  at  an 
end.     Though  the  project  in  its  entirely  is  as  yet  not  completely  summarized, 
many  of  the  salient  points  can  be  presented.    They  are  found  in  the  tables 
below. 


Table  1  • 

Total  Crop     '          %  Cro'p'            ~        Percent~"fruit s  Inj-U-red 
"^ear  in  Bushels  Dropped  Drops  Harvest       T o tal 

1935  50.3  '91.2  66.4       •    77.9  ~ 

1936  6593  60.9                    71.3             33,7  55.4 

1937  3421  44.5                    88.7             58.3  71.8 

1938  5106  66.3                    75.7             36.4  62.5 

1939  3352  50.4  76.6  45.6  61.7 
1940  3507  35.2  87,  5_  63.6  72.0 


Table  2  

_  ^   ^  .  _„    ..  .    ^        -.       -.  .^^ 

Year  per  Count _Tree  Wormy  S.&  TJ.  Stung _    Parasitized  Predatored 

1935  998"  4870        22^0         779 '  ' 

1936  .      5070  47.7         4.7  3.0  3.5  2.3 

1937  1923  37.9        22.2        11.7  6.5  10.5 

1938  3408  45.0        13.7  3.8  6.6  12.6 

1939  1357               34.7        19.2         7.8               5.4  13.3 
1940_^  ^1945    42.9        24.6  _  _  4,5_  4s_0  .4*2  


Although  the  above  summaries  are  largely  self-explanatory  some  dis- 
cussion is  necessary  to  clarify  most  of  the  figures. 
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In  tatle  1  fewer  fruits  are  S'lorin  to  have  dropped  in  1940  than 
previously.    Also  recorded  is  the  second  highest  percent  of  injurced  picked 
fruits.    It  is  pointed  out  that  the  percent  total  crop  \-/hich  drops 
directly  affects  the  intensity  of  worn  injured  picked  fruits.    This  cor- 
relation can  "be.  followed  for  each  of  the  years  presented.     The  light  1940 
drop  was  due  to  an  early  harvest  in  the  Biolocical-I'echanical  Control 
orchard.    It  has  oeen  found  that  late  harvest  produces  heavy  drop  and  vice 
versa. 

The  total  inj-oTed  fruits  was  72.0  percent  in  1940  -  the  higiiest  re- 
carded  since  the  orchard  has  "been  under  treatnent.    This  was  dou'otless  due  . - 
in  part  to  moderately  favoralDle  weather  conditions  for  development  during 
"both  "broods.    Another  factor  possibly  contrilDUting  to  the  hea^^.-  infestation 
was  the  sudden  drop  in  predatored  larvae  (tahle  2).    The  4.2  percent  repre- 
sents a  considerable  drop  over  that  recorded  for  1939.    These  counts  are 
made  hy  the  weekly  exazaination  of  uitreated  "bands  and  show  only  the  relation- 
ship of  pre  dat  or  ism  "betvreen  seasons.    Population  "behavior  studies  in  1939 
showed  that  approximately  40  percent  of  a  given  population  was  destroyed  "by 
predators.     It  is  easy  to  visualize  what  a  drop  from  13.3  percent  to  4.2 
percent  will  do  in, the  way  of  increasing  the  codling  moth  population.' 

The  percentage  of  larval  parasitism  is  of  little  significance.  Sand 
records  as  recorded  in  ta"ble  2  are  almost  identical  with  rearing  records. 
Apparently  a  fair  proportion  of  parasitised  larvae  reach  the  "bands.  Since 
the  percent  of  parasiti,sm  is  so  low  the  slight  changes  recorded  from  year  to 
year  are  of  little  consequence. 

A  summary  of  1st  "brood  ajid  drop  harvest  counts  is  given  "below. 


Ta"ble  3  -  T>j:ee  Year  Summary  of  Type  and  Degree  of  Injury  Caused  iDy  1st  and 

 2nd  Brood  Larvae  

 Degree  and  T^rpe  of  In j .  1st  &  2nd  Brood       >  Degree  of  Infestation  of 

 1st  Brood  Total   ■  1st  and  2nd  Brood  

w'ormy    lormy  &    Stung    i     Tor  my    "^orrny  &    Stung  :1st  Brood  2nd  Brood  Tot. 
Date    xruits    Stung     bruits  :     bruits    Stung     Truits:   Injury      Injury      Inj . 

1938  14.3       1.3         2.3  45.0        13.7         3.8         28.7        71.3  62.7 

1939  18.6       8.5        10.9  34.7        19.2         7,8         61.6       38.4  61.7 

1940  23.0       7.0         6.5  42.9        24.6         4.5         50.6       49.4  72.0 

Comparing  the  degree  of  first  and  second  "orood  infestation,  the  1938 
records  show  only  28.7  percent  of  the  total  seasonal  injury  caused  "by  the 
first  iDrood  compared  with  61.6  percent  in  1939  and  50.6  percent  in  1940. 
Important  is  the  fact  that  the  total  infestations  in  1938  and  1939  vrere  a'bout 
the  same,  whereas  that  in  1940  was  approximately  10.0  percent  greater.  This 
indicates  that  the  degree  of  first  "brood  infestation  is  not  a  positive  cri- 
terion of  the  total  infestation.     In  1938,  28.7  percent  of  the  total  injured 
fruits  were  attacked  "by  first  "brood  as  compared  with  61.6  percent  in  1939 
and  50.6  percent  in  1940.    Weafner  conditions  d-oring  first  Ijrood  in  1938 
were  imfavora"ble  to  development,  "but  during  second  iDrood  they  presented  al- 
most optimum  conditions.    Just  the  reverse  was  true  in  1939  resulting  in  iDoth 
2''ears  having  almost  the  same  final  results.     In  1940.  however,  v/eather  was 
favoraole  during  "bot'n  hroods  resulting  in  a  considera"bly  heavier  infestation 
than  the  previous  two  years. 


YBTQHijvTiOS ,  miMA 

L,  F.  Steiner,  In  Cha^rge 

Seasonal  Conditions 

The  carryover  of  larvae  from  1939  T/as  larger  than  normal  despite  suTd- 
normal  v/inter  temperatures. 

The  late  1939  drought  continued  through  1940  (though  temporarily  hroken 
in  April)  so  that  h:/  the  end  of  Octoher  the  rainfall  for  the  preceding  16 
months  was  45  percent  Delov/  normal,    ^or  the  period  July  1  to  Octoher  31  the 
deficiency  ajnounted  to  55  percent  of  normal.    The  premature  dropping  of  fruit 
was  not  as  severe  as  in  1939  out  more  wilting  of  foliage  and  stunting  of 
fruit  was  evident.    The  1939  drought,  unfavoralDle  weather  during  the  hlooming 
period,  freezes  in  April,  and  a  scarcity  of  "bees  combined  to  produce  a  light 
set  of  fruit.    Some  varieties  like  G-rimes,  Home  Seauty,  York  and  Starking 
generally  bore  normal  crops,  others  like  Winesap,  Jonathan,  Golden  Delicious 
and  Turley  set  very  little  fruit  although  there  were  frequent  exceptions. 

l.Iean  daily  maximum  temperatures  were  subnormal  through  most  of  the 
season  but  minimum  temperatures  were  above  normal  so  that  in  June,  July,  and 
August  extreme  temperatures  that  would  slow  up  development  were  rare.  In 
July  codling  moth  eggs  were  observed  hatching  in  the  orchard  5  days  after 
deposition. 

Codling  moth  pupation  began  not  later  than  April  3,  moths  began  emerging 
about  Hay  7  and  bait  traps  showed  two  main  peaks  of  spring-brood  activity 
about  llsi^r  21  to  23  and  June  3  to  5.    The  population  remained  at  a  high  level 
(measured  by  periodic  funigation  of  10  trees)  until  after  the  middle  of  June 
and  v/as  still  within  30  percent  of  its  peak  after  99  percent  of  the  moths  in 
cages  had  emerged,    Oviposition  was  heavier  toward  the  end  of  June  than  any 
time  prior  to  then.    After  the  middle  of  Jul:/"  the  attack  was  constant  and 
severe  until  October  with  adults  most  abundant  from  July  18  to  August  1  and 
from  August  29  to  September  5.    The  heaviest  larval  attack  of  the  season 
occurred  between  September  5  and  15th. 

Most  growers  in  the  middle  west  had  heavier  infestations  in  1940  than 
in  1939  with  the  result  that  the  present  hibernating  brood,  on  varieties  which 
bore  crops,  is  one  of  the  largest  in  recent  years. 

Control  by  Insecticides 

Insecticide  tests  were  of  4  types,  laboratory,  laboratorjr-f ield,  single 
tree  replicated  plot ,  and  large-scale  control  tests.    All  were  supplemented 
wherever  possible  with  chemical  analyses  of  spray  deposits  by  the  Division  of 
Insecticide  Investigations. 

Leads  developed  in  the  winter  laboratory  tests  in  which  some  60,000 
newly  hatched  larvae  were  employed  were  follov/ed  up  in  the  laboratory-field 
e2q)eriments. 
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Lal3 oratory-Field  Experiments 

Ivlore  than  50  formulas  and  "rafiations  in  schediiles  Tt'eire  tested 'by  this 
method,  acout  a  third  of  them  iDeing  folloT/ed  throughout-  the  season,  and  the 
others  for  shorter  periods. 


Stra1:ified  samples  of  fruit  tal^en  periodically  (iistially  "before  and 
after  all  spray  applications)  from  the  field  plots,  are  exposed  to  a  knowi- 
numoer  of  ne^ly  hatched  larvae  in  the  laboratory.    The  teclinique  T7as  tested 
statistically  and  the  use  of  80  apple  samples  (from  2  or  more  trees)  and  640 
larvae  per  test  tt&s  found  to  give  ver^''  relia.hle  results*    Sfficiencj''  is  cal- 
cula^ted  oy  comparing  entrances  (stings  disregarded)  in  the  treated  fruit' '?7ith 
those  made  in  unsiDrayed  checli  samples..   The  method  has  teen  descri"bed  in 
previous  reports,  and  is  outlined  in  detail  in  multigraphed  circular  3-488 
(SeptemlDer  1939).  -  . 

The  principal  series  of  tests  was  conducted  on  rather  large  18  year  - 
old  C-rimes  trees.    Plots  ^nere  arranged  for  convenience  in  spraying  since  no 
harvest  counts  were  intended.    Sprays  were  applied  from  a  portable  outfit 
supporting  a  9  ft.  tower,  and.  from  the  ground,  each  cover  "being  a  complete 
in  side- out  side  application.    All  parts  of  the  trees  were  sprayed_ to  the  point 
where  run-off  iDegan. 

The  outfit  was  operated  at  550  pounds  pressure  and  disk  size  adjusted 
to  hold  the  total  output  "between  12  and  15  gallons  per  minute.    Usually  a 
3-nozzle  "broom  was  used  on  the  ground  and  a  "^indmaster"  gun  in  the  tower. 

A  total  of  290,000  newly  hatched  larvae  were  used  in  the  1940  lalDor- 
atory-iield  tests. 

Some  of  the  more  important  results  have  "been  averaged  and  summarized 
in  Tg^'ole  1.    This  method  of  presentation  fails  to  show,  the  effects  of  individ- 
ual spray  applications,  hea\^  rains,  prolonged  inter spray  periods,  etc.  or 
the  degree  of  protection  present  at  critical  periods  "but  it  makes  possible  a 
simple  comparision  of  the  treatments  for  the  season  as  a  whole, 

A  cal:^x  and  calyx  top-off  of  3  pounds  lead  arsenate,  3  pounds  lime  and 
10-12  pounds  flotation  sulfur  paste  per  100  gallons  was  applied  on  May  6  and 
9  respectively. . 

Cover  sprays  were  applied  as  follows: 

1st,         llay  21  5th,  July  9 

2nd,  "    31  (IHcotine  Plots)  .      "   6th,  "  24   .   .  . 

June  1  (Others) 
3rd,  "    10  7th,  Aug.  7 

4th,  "    19  :  .  . 


Tal)le  1.    Average  percent  larvicidal  efficienc^r  and  spray  deposits  "before  and 

after  cover  sprays  and  at  harvest.    Vincennes,  Indiana,  1940 
(Hicotine,  phenothiazine  and  AsSOB  deposits  in  parentheses  as  inmgs.  per  sq..  . 

cm.  from  d-ata  of  Division  of  Insecticide  Investigations)  

AlDlDrevi actions  used;  LA.  (lead  arsenate),  Bdx.  (3/4  -  1  1/2  -  100  iDordea.ux  mix- 
ture),  Bent.  (IJ'j'-oming  pellet  type  "bentonite) ,  Nic,  (Nicotine  sulfate  40/S) 
HQ.  (mineral  oil  emulsilDle  t;;rpe  -  9&fo  oil),  Soap  (Sodium  oleate) ,  F.P.U.B.  (fac- 
tory-processed concentra,te  nicotine  "bentonite,  14^  nicotine).    S.  oil  (soylDean 
oil,  crude  domestic  raw),  STM  (standard  tank-mix  1  pt.  Nic,  5  Its.  iDent., 
1  qt.  S.  oil  first  4  covers.    0.67  pt.  Kic.  3.3  l"bs.  "bent.,  1  qt.  S,  oil  in  last 
3  covers) . 


Plot .      Materials  per  100  gals. 

Lead  arsenate,  Xanthone,  Pheno- 
thiazine  Trf^atments 


2nd  to  4th 
cover  sprays 

Before  After 


1. 


LA.  4  Ids.  in  first  3  covers,- 

3  l"bs.  in  last  4.  41  56 

Bdjc.  in  all,  2  qts.  MO.  in 

2nd  and  3rd.  (10.4)  (18.5) 


2. 


3. 


10. 


Xanthone  2  lbs.,  Zinc  sulfate 
4  1/2  ozs.,  Soap  1  l"b.  12 


11. 


Same  as  Plot  2  +'  Bdx. 
(4-6-100  hto.  in  4th) 

.  Phenothiazine  4  lbs. 
(l^To  suppii^ment s.  Wet  "by 
.  ,  agitation) 


Mi  cr  oni  z  e  v-j  pheii..^  t hi az ine 
4  Ihs.  in  firtiV  3  covers, 
3  Tds.  in  last  4. 


13 


32 


41 


36  75 
(8.1)  (26.0) 


58 


95 


(T7et  as  Plot  lO) 
Nicotine  Bentonite  Treatments 


(13.7)  (38.9) 


4.      S'.P.N.B.  3  lbs.,  bent.  2  lbs.  43 


61 


(1  lb.  after  4th  cover). 

4B.    Same  as  4     S.  Oil,  1  pt. 
after  4th  cover. 


5.  STM 


(3.2)  (6.0) 


67  82 
(4.6)  (8.6) 


5th  to  7th 
cover  sprays 

Before  After 


60  70 
(15.8)  (20.1) 


51 


(discontinued) 


49    .  85 
(8.7)  (27.6) 


79  94 
(12.9)  (30.2) 


59  84 
(2.7)  (5.8) 


72 

87 

77 

(2.9) 

(5.5) 

(3.0) 

86 

93 

81 

(3.7) 

(6.5) 

(3.3) 

Harvest 
9/10 


72 

(15.3) 

0 


50 

(11.3) 


73 
(14.7) 


73 

(2.7) 


-.48- 


1.     (Continued)                         2nd  to  4th 

cover  sprays 

5th  . 
cover 

to  7th 
sprays 

Harvest 

Plot 

Materials  per  100  gals.'  Before 

After 

Before 

.  After 

9/10 

'53.  ■ 

Sane  as  5  in  1st  4  covers. 

4  l"bs.  dry  mix.-  (l^ic.  1  pt. 

bent.  5  llDS.  minted  dry  in 
■  self  mixing  orcliar  d.  daster ) 

67 

(4.6) 

82 
. (8.6) 

80 

(2.8) 

90 

(4.8)  1 

■  -  1 

■  -  ■  1 

65 
-  (1.6) 

50. 

Same  as  5B       1  qt.  S.  Oil  in 
last  3  covers. 

11  . 

It 

89 

(2.9) 

93 
;  (4.4) 

78 

(2.5) 

5D-.'" 

Same  as  5  in  1st  4  covers, 
i^ic.  0.67  pt.,  Bent.  0.5 
ITd.,  M.O.  2  qts.(3  qts.  in 

5th  cover)  in  last  3  covers 

It 

II 

75 

(2.4) 

.  86 
(3.3) 

60 
(1.4) 

53.' 

Same  as  5  until  7th  cover. 
Same  as  51)  in  7th, 

II 

11 

86 

(3.7) 

94 

(6.4) 

84 

(3.3) 

6. 

Sm     Plaster  Paris  1  It. 
■until  7th  cover.    Same  as 
51)  in  7th. 

65 

(4.9) 

81 

(8.3) 

81 

(3.5) 

93 

(5.9) 

80 

(3.2) 

6B. 

Same  as  6  except  2  qts. 
S.  oil  suDstituted  for 
IvI.O.  in  7th  cover. 

II 

II 

II 

92 

(5.1) 

83 

(3.0) 

7, 

■  Same  as  5  except  1  1*5 , 
soap  suhstituted  for  S.  oil 
in  all  sprays 

55 

(4.1) 

81 

(7.8) 

83 

(3.6) 

88  • 
(5.9) 

85 

(3.1) 

7B. 

Same  as  7  until  5th  cover. 
Same  as  5D  in  5th,  6th,  7th. 

II 

.  II 

83 

(3.1) 

90 

(4.5) 

78 

(2.3) 

7.C. 

Saiie  as  7  until  7th.  Same 
as  51)  in  7th. 

:i 

11 

83 
(3.6) 

89 

(5.6) 

81 
(3.2) 

Same  as  7      2. qts.  M.  0. 

61 

(4.3) 

f  o 
(7.1) 

(discontinued) 

9. 

Same  as  ,5  except  1  qt , 
corn  oil  sulDstituted  for 
S,  oil  until  7th  cover. 
Same  as  5B    in  7th. 

64 

(4.2) 

81 

(8.4)- 

82 
1  (3.5) 

93 

(5.4) 

.  80 
(2.6) 
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Under  natural  conditions  the  larvicidal  efficiency  of  spray  deposits 
on  the  surface  of  the  fruit  accounts  for  most  of  the  control  given  'bj'-  any  of 
the  a"bove  corahinations  v/ith  the  possilDle  exception  of  Xanthone.  Comparisons 
based  on  larvicidal  efficiency  of  treatments  having  similar  characteristics 
are  .justifiable,  but  those  likely  to  differ  greatly  in  their  ovicidal  effect, 
degree  of  repellency  or  attractiveness  to  moths  or  larvae,  the  effect  of 
deposits  on  the  resistance  of  eggs  to  sloughing  off,  toxicity  of  sprays  to 
adults  and  numerous  other  factors  cannot  be  evaluated  on  the  basis  of  lar- 
vicidal efficiency  alone  although  there  often  are  enough  of  these  so  that  the 
effects  of  some  balance  those  of  others.    Any  such  factors  which  affect  the 
adult  moths  would  reduce  the  reliability  of  comparisons  of  infestations  made 
between  small  replicated  field  plots  as  v/ell. 

After  the  fourth  cover  spray  when  native  larvae  were  hatching  in  very 
small  nujnbers  500  newly  hatched  larvae  were  distributed  at  the  rate  of  5  per 
bearing  fruit  spur  on  one  tree  in  each  of  4  plots  for  the  purpose  of  deter- 
mining how  much  a  combination  of  unfavorable  weather  conditions,  foliage, 
and  calyx  deposits  would  increase  actual  control  above  that  expected  from  the 
larvicidal  efficiency  of  deposits  on  the  fruit.    All  apples  injured  by  these 
larvae  were  removed  a  week  later. 


The  results  follow: 


Treatment 

rercent  larvicidal 
efficiency  (6/20) 

Injuries  by 
June  20,  one 

500  larvae  applied 
day  after  4th  cover. 

0  (86.40  entered) 

^orms 

St  ings 

Un  sprayed 

266 

193 

Plot  1.  LA-bdx. 

60.4 

2 

82 

"    2  Xanthone 

32.9 

41 

162 

"    5  STI,I. 

89.9 

1 

12 

Hote:  Temperatures  at  time  of  release  of  larvae,  72  to  74^  P.  Relative 
humidity,  35-37^.    Average  wind  velocity,  2.6  raph.  Minimum 
temperature  next  24  hours,  50'^-'  5". 


'•'.lien  worm  entrances  alone  are  considered  the  efficiency''  data  ■under- 
estimates the  effect  of  lead  arsenate  more  than  Xanthone  and  Hicotine  - 
bentenits  but  if  stings  are  included  the  results  are  about  as  expected.  Many 
larvae  die  after  making  stings  in  the  field  which  under  the  controlled  labor- 
atoryr  conditions  could  have  survived  in  lead. arsenate  spra/ed  fruit.    For  a 
number  of  years  it  was  observed  that  many  of  the  worms  tha.-  entered  lead 
arsenate  sprayed  fruit  in  the  laboratory  appeared  stimted  when  the  fruit  was 
opened  8  ot  9  days  later.    In  1940  more  than  100  8-  and  9-day  larvae  were 
Y/eighed  and  84  of  them  subsequently  reared  through  to  the  adult  stage.  The 
average  weight  of  those  alive  in  nicotine  sprayed  fruit  on  the  8th  and  9th 
day  was  1.35  mgs.  while  those  which  entered  through  lead  arsenate  weighed 
0.76  to  0.80  mgs.    At  emergence  adult  males  weighed  20  mgs.  and  females  29, 
there  being  no  difference  between  spray  treatments  in  either  sex.    The  average 
time  required  for  development  from  newly  hatched  larvae  to  adult  was  32  days 
with  no  difference  betv^een  sexes  or  treatments.    The  results  indicated  that 


-50- 


lead  arsenate  stopped  grorith  f'or  a  dajr  or  so  !?;lT.ich  ""^as  enough  to  delay  an 
in  star  change,  the  difference  in  \7eights  a.t  8  and  9  days  "being  due  to  the 
fact  that  t  ho  in  star  chanf:e  had  already  occxirred  in  the  case  of  the  larger  ' 
larvae  T^hich  T/ere  su-hsequeritly' nearly  overtaken  "before  maturity  "by  the  lead 
arsenate  group.    The  signif icaiice  of  this  ohservation  is  that  during  its  - 
first  day  in  the  apple  the  stunted -or  sickened  larva    may  "be  unusually 
suscepti"ble  to  lo'j  temperatures.,  which  ,l)y  reducing  its  activity  still  further, 
may  cause  it  to  drown  in  its  frass  at  the  point  of  entrance  as  a  result  of 
light  rains,  dews,  or  excessive  .juice  in  the  apple.     Such  , conditions  would  "be  ,  ■ 
ahsent  or  at  least  less  prevalent  in  the  'la"boratory  or  un.der  those  field  ' 
conditions  considered  most  favora"ble  for  development  vmen  lead  arsenate 
frequently  fails  to  kill  and  the  weakened  larvae  are  "a'ble  to  recover. 

In  TaTsle  1,  lead,  air  senate  (Plot  l)  reached  its  maximum  efficiency  near 
the  end  of  the  season,  a  characteristic  occurrence  vdth  this  insecticide. 
After  drought  conditions  "began  depressing  the  toxicity  of  lead  arsenate  de- 
posits eaxly  in,  August  a  spray  of  water  alone  significantly  increased  the 
efficiency  despite  a  loss  in  deposit  thus  giving  the  same  effect  on  toxicity 
as  frec[uently  noted  after  light  rains.    The  increase  \7as  .almost  as  much  as 
ohts.ined  "by.  the  regular  7th  cover  spray  out  the  decline  thereafter  was  more 
rapid.  , 

Micronized  pHenothiazine  (Plot  11)  as  used,  v;as  the  most  effective 
material  in  the  first-hrood  period  ever  tested  here  though  afterits  dosage 
Y/as  decreased  to.  3  1133.  per  100  gallons  and  the  interspray  intervals  lengthened 
it  V/as  equalled  iDy  the  tank-mix  nicotine  "bentohite  com"binations.    Three  poionds 
of  the  .micronized.  }phenothiazine  gave  higher  efficiencies  and  maintained 
larger  deposits  than  4  Ihs.  (per  100  gals.)  of  the.  regular  grade  (Plot  lO). 
Because  of  the  heavier  deposits  the  micronized  material  left  the  fruit  v/ith 
an  object iona"ble  dark  green  color  v/hich  still  remains  on  stored  fruit 
■  (Jan,  8.)..    It  affected  the  taste  of  G-rimes  apples  and  increased  shrinkage 
in  storage.    The  taste  was  flat,  there  "being  a  marked  reduction  in  sugar  con- 
teht,,. Part  of  the  plot  left  unsprayed  after  the  4th-cover  spray  still  re- 
tained.some  o'bjectiona'ble  color:  at-  harvest.    The  foliage,  which  "became  almost 
"black  "by  mid-June,  appa'r en t Ij?- ■  suffered  some  reduction  in  rate  of  photosny- 
thesis  and  transpiration  "because  of  the  reduction  in  light  intensity  inside 
the  trees.  ,  This  may  account  for  the  reduction  in  size  of  fruit.    The  trees 
retained  their  foliage  longer  than  those  in  other  plots. 

X-anthone  (Plot  2),  used  as  recommended  "by  the  manufacturer  was  a  very 
■poor  larvicide  and  russeted  the  fruit  severely.     It  also  stunted  the  foliage, 
causing  some  burn.     In  the  first-"brood  period  its  efficiency  ranged  from  10 
to  43  percent  hut  ovicidal  tests  ("based  on  eggs  deposited  in  the  trees  "oy 
caged  moths)  showed  that  it  killed  72  and  73  percent  of  the.eggs  deposited 
2  days  "before  and  2  days  after  the-  2nd  and  3rd  cover  sprays  whereas  the  Plot 
1  comhination  of  lead  arsenate-oil-"bordeaux  killed  31  percent  deposited  "be- 
fore sprays  and  11  percent  of  those  deposited  afterwards.    Ilineral  oil  with 
nicotine  "bentonite  (Plot  8)  at  the  same  time  killed  only  10  percent.  During 
■  longer  interspray  periods  later  ,  in  the  season  or  v;hen  there  was  much  rain 
or  wind  the  larvicidal  efficiency  of  Xanthone  declined  to  zero.    No  chemical 
analyses  vreve  made  .hut  its  suscepti"bility  to  weathering  was  very  apparent. 


-51- 


Beginning  4  days  "before  the  6tli  cover  and  continuing  until  August  11, 
4  days  after  the  7th  cover  spray  4  cages  of  moths  were  maintained  in  the 
tops  and  "bottoms  of  trees  in  Plots  2  and  5-D  (minspal  oil-nicotine  sulfate). 
These  vrere  changed  to  new  locations  and  fresh  moths  introduced  at  2-day  in- 
tervals.   They  were  removed  temporarily  when  sprays  were  applied.    The  small 
tagged  "branches  containing  fruit  and  foliage  on  v'hich  eggs  were  deposited 
were  rarely  visi"ble  to  the  spray  men.    They  v/ere  removed  v;hen  the  first 
eggs  deposited  at  each  position  v/ere  5  days  old  and  "beginning  to  hatch.  The 
examination  for  mortality  v;as  delayed  another  5  days  or  more  while  the  eggs 
were  protected  from  wind  and  rain  (to  prevent  loss)  "but  were  su"bjected  to 
other  outdoor  conditions.    Mortality  among  the  11  lots  of  eggs  deposited  over 
the  22  day  period  in  Plot  2  ranged  from  11.8  to  52.8  percent.    Of  21,400 
eggs  o"bserved  in  the  plot  32.5  percent  were  killed  while  only  23.8  percent 
of  13,400  deposited  during  the  same  period  on  Plot  5-D  were  destroyed  "by  the 
oil-nicotine.    Xanthone  was  most  toxic  to  eggs  deposited  on  top  of  fresh 
deposits,  oil-nicotine  was  most  toxic  when  applied  over  eggs  a'bout  to  hatcht 
Xanthone  was  more  effective  against  eggs  on  the  upper  than  on  lower  surface 
of  leaves  (more  visi"ble  deposit  there)  and  on  leaves  than  on  fruit  while  oil- 
nicotine  was  equally  effective  on  "both  surfaces  of  leaves  "but  more  effective 
on  fruit  than  foliage.    It  is  pro'bahle  that  eggs  deposited  on  top  of  Xanthone 
residue  tied  down  a  toxic  layer  and  thus  weresuh.jected  for  a  longer  period 
to  more  residue  than  eggs  deposited  "before  a  spray  on  the  weathered  surfaces. 
The  Xanthone  permitted  few  worm  or  sting  injuries  on  the  plot  until  the 
second-"brood  period  apparently  "because  of  the  ovicidal  effect  and  short 
interval  "bet\Yeen  sprays.    It  failed  later  when  the  spray  interval  v;as 
lengthened  to  two  weeks  and  optimum  temperatures  reduced  the  incu"bation 
period  to  5  or  6  days.    In  com"bination  v/ith  "bordeaux  mixture,  Xanthone 
russeted  100  percent  of  the  fruit  surface.    The  injujry  was  "becoming  evident 
before  the  2nd  cover  spray.    The  increase  in  efficiency  vrhere  "bordeaux  was 
used  v/as  "believed  due  to  the  retention  of  more  material  on  the  roughened 
fruit  surface. 

Plots  4  and  4-A  (factory-processed  nicotine  hentonite)  rrere  inferior 
to  the  standard  tank-mix  nicotine  bentonite  soybean  oil  combination  (Plot  5) . 

No  improvement  on  the  latter  is  evident  among  the  results  of  the  other 
combinations  tested.    The  "drjr-mix"  nicotine  sulfate-bentonite  (l  pt,  nico- 
tine sulfate  to  each  5  lbs.  powdered  bentonite  mixed  thoroughly  in  a  self 
mixing  orchard  duster)  avoids  the  excessive  heavy  visible  deposits  obtained 
when  the  ingredients  are  tank  mixed  but  was  slightly  less  efficient  where 
used  with  soybean  oil  and  considerably  so  at  harvest  when  used  alone. 
Greater  differences  could  be  expected  under  conditions  of  normal  rainfall 
but  the  avoidance  of  residue  difficulties  at  harvest,  and  of  son.e  objection- 
able effects  of  mineral  oil  where  oil-nicotine  is  used  to  complete  the  tank- 
mix  schedule,  together  with  the  evidence  that  its  larvicidal  efficiency  may 
exceed  that  of  mineral  oil-nicotine  sulfate  (5-D)  enough  to  make  up  for  its 
deficiency  as  an  ovicide  make  it  a  promising  material  for  further  investiga- 
tion. 

Excessively  hard  water  (artifically  hardened)  did  not  affect  the  per- 
formance of  the  "tank-mix".    Corn  oil  proved  an  effective  substitute  for  soy- 
bean oil  for  the  second  season,  although  of  no  advantage  at  present  prices. 
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Sodimi  oleate  at  a  dosage  properly  adjusted  to  -vat er  hardness  to  £ive 
the  sane  type  of  ilocculation  as  olDtained  vjith  soyhean  oil  proved  an  effective 
sul}stitute  for  soyuean  oil  although  it  is  less  safe  for  the  average  grower 
to  Use  "because  past  experience  has  demonstrated  that  either  too  much  or  too 
little  soap  v/ill  reduce  efficiency.     In  Plot  8  the  use  of  mineral  oil  v/as 
again  tested  "but  although  the  soap  smoothed  the  deposits  someT/hat  a  definite 
reduction  in  efficiency  resulted. 

The  nicotine  combinations  caused  no  injury  although  where  the  effects 
of  the  moisture  deficiency  Y^ere  most  evident  the  trees  hegan  losing  leaves 
in  late  Aug'ast.    This  loss  coincided  almost  exactly  and  was  similar  in  all  • 
respects  to  the  partial  defoliation  of  trees  not  sprayed  after  petal-fall. 
All  plots  which  received  copper  compounds  in  one  or  more  sprays,  copper- 
nicotine  included,  as  well  as  the  Xanthone-zinc  sulfate  and  phenothiazine 
plots  held  most  of  their  foliage  through  October  although  Plot  1  lost  some 
in  August.    Weather  conditions  v;ere  not  favorable  to  the  production  of  arsenical 
injury. 


Analyses  of  lead  residues  were  ma.de  bj?-  the  Division  of  Insecticide 
Investigations  at  liarvest  iDefore  and  after  C-rimes  fruit  from  the  lead  arsenate 
sprayed  plots  W8.s  washed.    The  fruit  was  washed  in  a  Cutler  -onderbrush  machine 
for  30  sec.  using  1,5)':  HCl  at  a  temperature  of  70°  I. 


C-rains  Po  'oer  lb.  fruit  

Before  washing  After  washing 

Plot  1    Lead-oil-bordeaux                      0.219  0.026 

Plot  lA  (no  second  brood  sprays)             .102  .020 
Plot  11-D  Ilicronized  phenothiazine 
first  4  covers;   same  as 

1  later                                      .154  .019 


As  in  previous  years  lead  residues  from  late  sprays  were  more  easily  re- 
duced bsy  washing  than  those  from  first-brood  sprays.    Four  first-hrood  lead 
arsenate  sprays  resulted  in  hai^'vest  residues  about  tv/ice  those  permitted  by 
the  new  Federal  tolerance. 

Tests  of  New  Hater ials 

Laboratory-field  efficiency  tests  of  several  new  materials  were  made  but 
such  tests  ^7er9  confined  to  relatively  short  periods  and  limited  to  from  one 
to  three  sprays. 

Among  the  materials  tested  Phenazine  had  the  highest  initial  toxicity 
but  declined  rapidly  and  produced  serious  injury  to  both  trees  and  spraymen. 

The  factory-  processed  nicotine-bentonite  was  improved  by  micronizing  it. 
Preliminary  tests  indicated  that  its  tor.icity  and  the  amount  of  material  de- 
posited were  both  increased  as  was  the  visible  residue  at  harvest. 
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Lei  kang  t'eng  gave  efficiencies  up  to  41  percent  and  can  "be  considered 
promising  if  the  roots  caLi  "be  ground  into  a  condition  suitable  for  use  in  spray 
mixtures. 

Efficiency  of  calyx  sprays 

Since  experiments  in  1939  proved  that  the  ma.joritj'-  of  early  first-lDrood 
larvae  attempt  entrance  at  the  calyx  and  it  is  knom  that  the  progeny  of 
these  early  larvae  constitute  most. of  the  third  "brood,  a  check  on  the  effic- 
iency of  the  spray  comhinations  recommended  for  use  as  petal-fall  sprays 
seemed  desiraole.    The  value  of  phenothiazine  and  Xanthone  as  calyx  sprays 
were  also  determined.    The  lead  arsenate  sprays  neve  varied  so  that  a  deposit 
"building  com"bination  could  he  coii^Tjared  with  those  containing  spreaders.  The 
use  of  the  latter  has  "been  advocated  "by  some,  the  theory  "being  that  a  v/etting 
agent  was  needed  to  penetrate  into  the  calyx  cup.  •  ■ 

Single  tree  plots  replicated  3  times  were  arranged  in  a  "block  of  mature 
Winesap  trees  which  received  no  other  sprays. 

The  spraj^'s  werfe  applied  on  Ilay  8.    Because  '.Tinesap  trees  set  a  veiy 
light  crop  it  was  necessary  to  strip  all  of  the  fruit  from  some  of  the  trees 
in  order  to  o"btain  an  adequate  sample  for  the  determination  of  the  infestation 
on  June  28,    Stratified  samples  of  200  fruits  were  taken  from  the  other  trees. 
Analj'-ses  of  AsgOg  were  made  "by  the  Insecticide  Division. 

The  results  are  given  in  Table  2, 


Table  Zi    J^fficiency  of  Calyx  Spra-j'-s.    Yincennes,  Indiana.'  1940 
(Sprays  applied  May  8,  infestation  determined  June  28.) 


Plot 


Treatment 


ITo.  apples 
examined 


Percent  of  Deposits 
•  worms  in  mmg. 

No.  per  100  apples      entering  per  apple 

iTorms         Stings      thru  caljoc  May  9. 


Che ck  un sprayed 
1 


600 


Xanthone  3  I'bsJ 
Sodim  oleate  1  ITd.  580 
Zinc  sulfate  4  l/S  ozs. 


2.        -^henothiazihe  4  IIds. 


3. 


4. 


5. 


6. 


7,* 


Lead  arsenate  3  lbs» 
Lime  3  lbs.  Flotation 
s'olfur  past e  12  lbs . 

Lead  arsenate  3  lbs., 

Lime  3  lbs. , 

lettable  sulfur  8  lbs, 


48.7 


511 


600 


Sane  as  4  plus  1  pt. 
ivicoti.ne  sulfate  {^Q)o)  543 
and  1  lb.  sodi'jm  oleate 

Same  as  5  except  2  lbs. 
soybean  flour  substi-  598 
tuted  for  so diiam  oleate 


Lea6.  arsenate  3  lbs. 
S-jdniTisr  oil  2  qts. 
Pine  tar  soap  1  lb. 


523 


43.3 


24.4. 


25.5 


16.1 


21.7 


20.4 


16.8 


12.9 


3.7 


4.1 


4.1 


9.8 


15.2 


10.3 


17.3 


8.9 


.  64.2 


54.8 


38.1 


4.0 


1.3 


2.1 


1.5 


1.8 


0 
0 

Pheno . 
72.5 

^S2Q3 
55.9 

43.6 
39.4 
39.1 
'  39.1 


^Deposit  building  formula.    Trees  T/ere  given  the  same  amount  (23  to  28  gals.) 
as  other  plots.     It  was  necessary'-  to  add  lime  to  this  formula  while  spraying 
the  2nd  and  3rd  trees  to  prevent  breaking  in  the  tank. 

The  most  important  data  in  Table  3  are  the  percentages  of  worms  which  entered 
through  the  calyx.     The  differences  among  the  lead  arsenate  treatments  were  not 
significant,,  although  Plot  3  with  no  wetting  agent  appeared  least  effective  yet 
it  held  the  m.ost  AsgOg.    Phenothiazine  was  partially  effective  but  neither  it 
nor  Xanthone  were  of  any  practical  use.    The  larger  nunber  of  stings  on  the 
lead  arsenate  plots  indicates  that  enough  poison  remained  on  the  surface  and 
on  foliage  to  effect  some  kill.     The  results  indicate  that  there  was  no  loss 
in  efficiency  from  the  use  of    supplements  that  result  in  greater  wetting 
ability.    There  was,  however,  a  significant  reduction  in  amotrnt  of  AsgOg  deposited. 
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Ilffects  of  spray  materials  on.  adult  niotlis: 

The  effects  of  tb.e  spray  treatments  on  caged  ac'calt  moths  were  tested 
in  the  field,  and  preliminary  tests  were  conducted  in  the  lahoratorj^  in  an 
effort  to  determine  if  mortality  from  fixed  nicotines  is  increased  "by  feeding 
of  the  adult  when  wet  "by  the  spraj?".      i'iicotine  sulfate  was  very  effective  in 
killing  "both  "by  contact  and  by  ingestion.    The  tank-mix  corahination  killed 
some  moths  hy  contact  hut  moths  could  feed  on  it  without  any  immediate  effect. 
Life  via.s  shortened  to  that  of  moths  which  received  nothing.    Iloths  v/ith  pro- 
hosces  removed  apparently  took  small  quantities  of  the  solutions  hy  placing 
the  head  in  close  contact  v/ith  the  feeding  surface.    Hewly  emerged  moths 
offered  one  feeding  of  distilled  water  took  an  average  of  .2.94  mgms.  and 
lived  6,9  days.    Those  offered  nicotine  sulfate  solution  (1-800)  took  only 
1,00  mgm.  and  lived  an  average  of  1.8  days  v;hile  those  offered,  the  tank-mix 
solution  took  2.10  mgms.  and  lived  6.1  days.    Unfed  moths  lived  6,7  days, 
thus  one  initial  feeding  appeared  inadequate.    Iloths  given  water  every  one 
or  tYio  days  after  their  first  feeding  on  nicotine  sulfate  lived  an  average 
of  0.6  day,  those  fed  nicotine-hentonite  first,  lived.  12  days  with  a  maximum 
of  22  days,  those  fed  nothing  hut  v/ater  also  averaged  12  dajs  hut  the  maximum 
record  was  34  days.    Moths  consumed  the  equivalent  of, their  weight  in  water 
over  a  20  day  period. 

Under  orchard  conditions  nicot ine-hentonite-soap  sprays  killed  or  com- 
pletely paralyzed  50  percent  of  the  caged  moths,  the  same  plus  mineral  oil 
so  affected  42  percent,  standard  tank-mix  36  percent,  phenothiazine  and  lead 
arsenate-oil  each  ahout  28  percent,  and  Xanthone  only  17  percent. 

Large-scale  and  small  plot  field  tests. 

'Through  the  courtesy  of  the  W.  C,  Reed  and  Son  Orchard  Companj'-  we  were 
ahle  to  compare  the  results  from  the  commercial  use  of  the  tank-mix  nicotine 
oentonite  soyoe'an  oil  and  heavy  lead  arsenate-oil  programs  for  the  4th  con- 
secutive jesiT,    These  experiments  were  supplemented  hj-  lahoratory-field  tests 
and  hy  studies  on  development  and  abundance  as  v/ell  as  hy  chemical  analyses 
of  deposits,  the  latter  hy  the  Division  of  Insecticide  Investigations. 

Because  of  a  light  set  of  fruit  on  some  varieties  the  south  nicotine 
area  used  in  1938  and  1939  was  reduced  to  11  acres  and  the  lead  arsenate 
schedule  was  applied  to  all  parts  of  the  orchard  except  this  block  and  the  north 
nicotine  eirea  of  16  acres.    The  regular  lead  arsenate  block  of  17  acres  located 
between  the  two  nicotine  areas  \7as  used  for  the  comparisons. 

All  spray  materials  used  in  the  large  experiment  were  furnished  and 
applied  by  the  Company  througli  a  stationary  plant.     Information  obtained  from 
40  bait  traps,  several  emergence  cages,  and  the  weekly  fumigation  of  10  trees 
was  made  available  to  the  Company  to  aid  in  timing  sprays,,  but  because  of  a 
light  crop,  low  prices  for  fruit,  and  the  necessity  for  conserving  funds  the 
intervals  between  the  midseason  spraj/'s  were  lengthened.    This  resulted  in  a 
heavj  infestation  in  both  areas  since  weather  conditions  after  early  June  were 
highly  favorable  for  development  and  the  attack  continued  into  early  October. 


Th8  moth  population  appeared  largest  in  the  area  sprayed  vith  lead 
arsenate  where  the  traps/ caught  an  aA^erage  of  489  moths,  and  17  fiimigations 
of  5  scattered  trees  yielded  400.    In  the  areas- spra^red  ^vith  nicotine  the 
traps  averaged  368  moths  and- 323  v^ere  loio eked  down  "by  the  17  f-umigations 
of  5  trees.    S'iftyrtv/o  percent  of  the  moths  found  Tzhile  frunigating  the  trees 
.were  females. 

-      After  petal fall  the  lead  arsenate  program  consisted  of  a  first  cover 
of  lead  arsenate-weak  "bprdeayx  mixture,  a  2nd  and  5th  of  lead  arsenate  with 
a  commercial  deposit  Duilder,  3rd  and  4th  of  lead-oil-spap  "dynamite"  combi- 
ns.tion,  6th  and  7th  lead  arsenat e- oil-horde auz  mixture  and  8th  on  August  19 
of  0.7  gal.  mineral  oil  per  100  gallons.    The  tank-mix  nicotine  hentonite 
program  consisted  of  a  1st  cover  spray  of  1  pt,  nicotine  sulfate  (40;-)),  5  Ihs. 
hentonite  and  6  Ihs.  sulfur  (per  100  gals.),  and  2nd  to  7th  covers  inclusive 
of  1  p t .  nicotine  sulfate,  5  Ihs.  -  "bent onite  and  1  qt,  soyhean  oil,  an  8th 
cover  of  0.7  gallon  mineral  oil  .on  August  19  like  that  applied  to  the  lead 
arsenate  area  and  a  3rd-'brood  spray  on .  Septemher  5  of  0.7  pt.  nicotine  sulfate 
and  0.6  gallon  mineral  oil..-;  ^  .. 

The  total  numher  of  gallons  of  spray  material  applied  per  tree  after 
petalfall  (exclusive  of  a  "hormone"  spray  applied  to  the  lead  arsenate  area 
at  harvest)  approximated  177  gallons  of  the  lead  arsenate  mixtures  and  180 
gallons  of  the  nicotine  comhinations  at  average  costs  for  materials  alone  of 
$0.94  and  $1.53  per  tree  for  the  two  treatments  respectively. 

•  On  June  30  the  average  infestation  for  4  varieties  (C-rimes,  Jonathan, 
Rome  Beauty,  S -car king)  was  as  follows: 


i'wn'ber  per  tree  Percent  of 

Tree  ""nent                  Apples    V.'orms    Stings  apples  clean 

Nicotine           '         3,070         83         152  91.6 

Lei.d  arsenate           3,052        108         354  85.4 


These  exajninations  included  stratified  samples  of  200  apples  in  addition 
to  the  drop  fruit  from  each  of  98  trees. 

The  average  infestation  for  the  season  on  the  same  trees  was  as  follows. 

Percent  of  wormy 

Treatment  .  lN!ur,i"ber  per  tree         Percent  of  ap'oles    apples  entered  at  calyx* 

A.pples  .  I7orms  Stings    Clean  'Tormy  Stimg 

Nicotine  3,070      775       326       67.9    26.1      9.7  31.8 

Lead  Arsenate    3,052      782    1,130       57.0    27.3    26.2  17.5 

*  T/ithin  rim  of  calyx,  cavity,  adjacent  to  or  through  calyx. 
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The  slack  in  the  sprav  prograjci  in  mid- season  and  the  failure  to  spray 
or  remove  all  v/ormy  apples  from  40  percent  of  the  trees'  at  the  ';7est  end  of 
the  two  nicotine  areas  (because  of  their  light  crop)  made  bearing  varieties 
in  these  areas  subject  to  more  late  migration  than  the  lead  arsenate  area. 
There  was  also  evidence  that  migration  from  these  light-bearing  trees  re- 
sulted in  a  concentration  of  spring-brood  moths  on  some  of  the  Rome  Seauty 
and  Starking  blocks  included  in  the  examinations  and  on  a  single  row  of  G-rimes 
surrounded  by  the  light-bearing  trees*    On  Jiine  30  these  G-rimes  had  only 
60«5  and  59.4  percent  clean  fruit  where  sprayed  with,  nicotine  and  lead  arse- 
nate respectively  and  at  the  end  of  the  season  only  31.5  and  32,6  percent. 

Soth  nicotine  and  lead  arsenate  programs  were  heavier  late  in  the  season 
than  generally  used  and  were  Inado  necessary  by  the  mid-serson  let  up,  however, 
the  extra  cost  of  the  nicotine  was  offset  by  the , reduction  in  stung  fruit, 
control  of  worms  being  equal.     In  a  season  with  normal  rainfall  severe  in- 
jury would  be  expected  from  a  lead  arsenate  program  such  as  used  in  1940. 
Samples  tai^en  on  September  17  and  washed  in  an  underbrush  machine  for  30  sec. 
in  1.5^  HCl  (by  weight)  at  70°        retained  lead  residues  either  very  close 
to  or  in  excess  of  the  new  tolerance.    G-rimes  retained  0.101  grs.  Pb.  per  lb., 
Jonathan  .049,  Rome  Beauty  .046  and  Starking  .054. 


As  in  the  past  the  least  improvement  in  control  was  obtained  on  G-rimes 
and  the  most  on  Jonathan  but  the  large  G-rimes  yields  made  the  use  of  nicotine 
most  profitable' on  that  variety. 

In  small-plot  tests  a  first  cover  spray  of  lead  ar senate-weak  bordeaux 
mixture  followed  by  3  hea\^  deposit-building  sprays  of  lead  ar senate-oil-soap 
(the  last  in  mid-June)  resulted  in  a  first-brood  infestation  of  12  worms  per 
tree  compaxed  with  38  on  2  regu.lar  tank-mix  nicotine  bentonite  soybean  oil 
plots.    The  former  \vas  sprayed  with  an  average  total  of  151  gals,  of  material 
per  tree,  but  received  no  subsequent  sprays.     Its  larvicidal  efficiency 
steadily  increased  from  50 ^percent  after  the  2nd  cover  spray  to  98  percent 
after  the  4th  with  gs,ins  instead  of  losses  between  sprays.    Deposits  of 
AsgOg  declined  between  sprays  but  approximated  30  mmg,  per  sq.  cm.  after  the 
4th  cover  spray.     Lead  residues  at  harvest  averaged  0.124  grs.  per  lb.  of 
, fruit.    The  nicotine  plots  received  an  average  of  106  gallons  per  tree  prior 
to  June  30  and  one  received  an  additional  94  gallons  in  the  2nd-and  3rd-brood 
periods.    At  harvest  the  lead  arsenate  plot  averaged  2,555  worms  and  3,417 
stings  per  tree  vrith  only  26.5  percent  of  its  fruit  clean  while  the  nicotine 
plot  averaged  900  worms  and  314  stings  per  tree  and  produced  49.2  percent 
clean  fruit.    The  results  show  conclusively  that  a  heaver  l:>ad  oil- soap  schedule 
may  almost  annihilate  the  first  brood  but  will  not  give  a.ivjuat,-?  protection 
against  late  2nd-  and  3rd-brood  worms  if  the  trees  are  subject  to  reinf estation 
by  migrating  moths.     In  this  series  of  tests  reductions  in  the  amounts  of  the 
tank-mix  nicotine  bentonite  soybean  oil  resulted  in  a  slightly  heavier  in- 
festation when  the  number  of  gallons  was  reduced  one  third,  than  v/here  the 
trees  were  drenched  with  the  normal  amount  but  the  reduction  made  by  diluting 
the  solution  to  two-thirds  normal  strength. 

These  two  plots  averaged  149  and  125  worms  per  tree  respectively  at  the 
end  of  June. 
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Laboratory- field  tests  showed  that  it  v7as  possible  for  the  grower  to 
more  nearly  approximate  om"  results  Yiith  nicotine  oentonite  than  with  lead 
arsenate  diiring  the  earlj'-  part  of  the  season.    Although  he  maintained  as 
heai'^^  deposits,  of  nicotine  in  the  tops  of  the  trees  earl2-''  in  the  season  as 
in  the  lov/er  parts,  deposits  on  the  lov/er  fruit  gave  a  higher  average  effi c- 
iencj  and  on  June  30  the  actual  worn  infestation  on  Rome  Beauty  was  4  times 
as  great  in  the  tops  as  in  the  bottoms.     In  the  lead  arsenate  area  hoth  de- 
posits and  efficiencies  were  smallest  in  the  tops  yet  only  twice  as  many 
worms  were  present  there.    For  all  varieties  the  ratio  of  top  to  "bottom  worms 
per  100  apples  varied  from  0.6:  to  2.6:  1  in  the  north  nicotine  area,  2.3  to 
5,5:  1  in  the  south  nicotine  and  0.5  to  2,3:  1  in  the'  lead  arsenate  "blocks 
v/ith  the  largest  ratio  in  the  sections  suhject  to  the  most  migration  suggesting 
that  migrating  moths  may  oviposit  more  heavily  in  the  tops  and  (since  the 
nicotine  deposits  on  fruit  were  the  same  in  top  and  hottdm  of  certain  Home  • 
trees)  that  the  heavier  and  more  evenly  distriouted  deposits  of  "bentonite 
on  foliage  in  the  "bottoms  of  trees  sprayed  with  nicotine  may  have  "been  more 
repellent  to  ovipositing  females  or  have  made  eggs  deposited  there  more 
susceptible  to  mechanical  removal  "by  rain  or  leaf  "brushing.    The  need  for  a 
special  top-off  spray  (preferably  in  early  June)  on  the  upper  third  of  trees 
sprayed  with  nicotine-bentonite  is  evident  from  these  data. 

One  of  the  most  important  developments  of  the  large  scale  tests  were 
the  differences  in  size  of  crops.     In  193S  the  average  yield  in  the  nicotine 
area  increased  over  that  of  1938  but  in  the  lead  arsenate  area  it  decreased 
and  greatly  widened  the  difference  originally  shown  in  1938.    The  average 
yields  for  the  same  43  G-rimes,  Starking  and  Rome  Beauty  trees  used  each  year 
were  as  follows. 


 i^^o.  apples  per  tree 

1938  1939  1940 


lUcotine  area   3,390  3,784  3,557 

Lead  arsenate  area   2,938  2,718  3,477 


Yields  in  1939  were  thought  to  have  been  reduced  by  arsenical  injury 
which  occurred  in  1938.    The  difference  in  1938  may  ha.ve  been  a  coincidence 
since  the  areas  v/ere  treated  alike  in  1937,  or  may  liave  been  caused  by  the 
1938  spray  program. 

Great  differences  in  yields  such  as  in  1939  would  normally  be  followed 
the  next  year  by  a  reduction  on  the  high  yielding  trees  and  an  increase  on 
the  low  yielding  trees.    Observations  in  1940  indicated  that  the  first  cover 
spraj''  may  be  partly  responsible.     (This  is  the  only  one  which  could  affect 
the  current  crop  since  all  ajDples  falling  after  the  second  cover  are  counted 
as  part  of  the  crop^.    Between  i.Iay  21  and  31,  G-rimes  sprayed  with  lead 
arsenate  weal^  bordeaux  mixture  lost  approximately  39,5  percent  of  the  apples 
present  on  the  first  date.     C-rimes  sprayed  with  nicotine  sulfate  bentonite 
and  sulfur  lost  32.4  percent.     The  lead  arsenate  trees  had  about  600  more 
app  les  to  begin  with  than  the  nicotine  but  250  less  afterwards.    Home  Beauty 
and  Starking  in  the  lead  arsenate  area  lost  49.5  and  12.5  percent  respectively 


while  in  the  nicotine  areas  they  lost  38.7    and  9,9  percent .    That  hea\'y 
applications  of  nicotine-"bentonite  aJtid  flotation  sulf\ir  can  also  reduce  the 
set  is  indicated  oy  an  apparently  significant  reduction  in  yield  on  the  . 
small  Home  Beauty  nicotine  plots  compared  with  the  lead  arsenate-hordeaux, . 
and  lead-oil-soap  plot  and  the  areas  sprayed  "by  the  groY/er.    The  danger  from 
late  use  of  sulfur  is  generally  recognized  but  lead  arsenate  supposedly 
safened  l>y  weak  "bordeaux  mixture  is  considered  one  .of  the  safest  comhinations 
A  fungicide  was  necessary  at  the  time  of  the  first  cover  spray  to  check  apple 
scab.  ;  _  ,  ,    ■  . 

Jor  four  successive  years  the  tank-niix  nicotine  "bentonite  soj'-'bean  oil 
program  as  used  in  this  orchard  has  at  least  paid  for  its  increased  cost  in 
"better  control  of  codling  moth  alone.    In  one  Kentucky  orcb^ird  where  annual 
heavy  losses  have  occurred  from  codling  moth  under  lead  ai senate  programs, 
5  tank-mix  nicotine  sprays  properly  timed  and  thorou^ly  applied  resulted  in 
the  production  of  more  than  85  percent  U.S.  No.  1  fruit;  more  "bushels  of  , 
No.  1  than  produced  "by  the  orchard  in  all  the  preceding  5  years  according  to 
the  gTower . 

The  need  for  a  f-ungicide  that  is  compatible  v/ith  nicotine-bentonite 
and  that  will  control  bitter  rot  without  decreasing  efficiency  of  the  in- 
secticide is  as  great  as  ever. 

Spray  Injury/  Experiments  ~ 

A  comprehensive  series  of  injury  tests  was  conducted  using  young 
Jonathan  trees.     The  treatments  consisted  of  4  different  early  fungicide 
programs  on  each  of  which  11  different  cover  spray  programs  were  used.  The 
object  was  to  determine  the  reason  for  the  "frog-eye"  type  of  leaf  spotting 
generally  associated  with  marginal  and  tip  burn  that  has  been  serious  on  some 
varieties  sprayed  ?7ith  nicotine-bentonite  and  mineral  oil-  nicotine  sulfate 
sprays  during  the  past  few  years.    Though  somev/hat  similar  to  black  rot  or 
"frog-eye"  injury,  pathologists  who  have  observed  the  injury  do  not  identify 
it  as  a  disease. 

Although  the  tank-mix  program  was  applied  to  one  plot  five  times  at 
double  strength  (l  qt.  nicotine  sulfate,  10  lbs.  bentonite,  2  qts.  soj^'bean 
oil  per  100  gals.),  the  last  on  July  23,  the  injurj'-  described  above  appeared 
in  very  slight  amounts  on  only  a  fevr  of  the  trees  v/hile  it  became  \'-ery  severe 
with  nearly  all  leaves  affected  on  trees  which  received  no  cover  sprays. 
It  was  also  present  on  factory-processed  nicotine  bentoni'l'e-mineral  oil 
plots.     It  was  absent  where  lead  arsenate  bordeaux  had  be.n  ULcr".  and  was 
scarce  on  trees  that  had  received  a  7-day  cover  spray  of  jsad  ui-yenate  flo- 
tation sulfur  but  no  subsequent  sprays.    The  injury  progressed  until  July, 
remaining  most  severe  on  the  plots  not  sprayed  after  petalfall  and  least 
severe  or  absent  where  lead  arsenate-bordeau:^  or  heav^^-  bentonite  deposits 
were  present.    In  August  it  suddenly  flared  up  on  the  above  mentioned  trees 
that  received  no  sprays  after  the  7-day  lead  arsenate- sulfur  application. 
The  results  suggested  that  both  fungicides  and  heavy  bentonite  deposits 
applied  soon  after  the  petalfall  period  checked  the  injury.     They  proved 
conclusively  that  it  was  not  caused  by  the  nicotine-bentonite  combinations. 
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BAIT  T5AP  ^XPSRIIIBlvrTS  ■ 

Bait  traps  rzere  operated  in  4  orchards  for  the  purpose  of  comparing 
the  relative  attractiveness  of  different  formulas  over  long  periods,  of  d.e- 
termining  the  control  value  of  traps,  and -as  aids  in  timing  sprays  and  measur- 
ing population  differences.    Traps  were  maintained  in  612  trees,  those  in  290 
iDeing  examined  periodically..  ,  T'hese  latter  caught  approximately  50,000  moths 
during  the  season. 

Relative  Attractiveness  of  Different  Baits 

The  double  quart-Jar  tr.'pe  of  trap  with  solutions  changed  completely  in 
alternate  halves  of  the  trap  at  10  day .  interva,ls  was  employed  in  all  except 
one  experiment. 

Old  vs.  fresh  sugar;  Traps  used. primarily  for  timing  and  population 
studies  were  "baited  with  a  10  percent  solution  of  dark  "brown  (No.  13  soft)  • 
sugar  containing  oil  of  sassafras  (Nat.)  and  sodium  arsenite,  0.5  cc.  and  : 
0.5  gm.  respectively  per  q_uart. 

Since  there  is  frequently  a,  considerable  difference  in  color  and  con- 
dition between  old  and  new  sugar  of  the  same  color  niimber,  No.  13  sugar  held 
over  from  1939  was  used  for  the  bait  in  the  odd  numbered  traps  and  new  sugar 
was  used  in  the  others. 

The  results  follow: 


 Average  number  moths  per  trap  

May  and  June       July  August      September  Total 

1939  sugar                    104.2               95.5  135.3         71.7  406.8 

1940  sugar                    107.4             104.4  135.2         77.8  424.8 


The  difference  is  not  significant. 

Traps  hung  from  limbs  vs.  traps  on  supr^orts;     In  most  instances  mat'-ore  trees 
in  this  region  have  high,  nearly  horizontal  branches  near  the  center  of  the 
tree  from  which  traps  can  be  hung  so  that  it  has  been  questionable  whether  we 
could  improve  on  position  by  the  use  of  2"  x  2"  poles  to  support  the  trap. 
Such  supT)orts,  however,  are  necessar3'-  in  many  young  trees. 

Ten  nat-oxe  trees  were  used  for  this  experiment.     Traps  contained  the 
same  bait  but  were  rotated  within  each  tree  between  the  two  positions  twice 
^7eekly.     In  each  case  the  best  available  location  was  selected  so  that  in 
some  trees  the'  trap  on  the  support  and  that  on  the  limb  migiit  happen  to, be. 
close  together  and  in  others  far  apart. 

The  results  follov/: 

No.  moths  per  trap 
■Traps  on  2"  x  2"  supports  near  top  of  foliage  .  230.7 

Traps  hmg  from  highest  limb  232.5 
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The  catches  were  similar  from  month  to  month,  hence  either  method  is 
satisfactory.    The  second,  however,  is  cheaper- but  "because  of  changes  in  limb 
position,  relocation  of  some  traps  are  necessary  each  year. 

Comparison  of  experimental  baits;    Baits  were  compared  by  the  rotating 
method  in  3  series  of  4  or  6  baits  each.    Sach  bait  was  replicated  8  or  9 
times.    The  standard  bait  (Ko.  1  in  Table  3)  was- repeated  in  each  series. 

The  ia'ay  and  June  and  the  July,  August,  September  c.atches  are  combined 
in  Table  3.     Some  of  these  baits,  hovrever,  can  be  properly  compared  only  by 
considering  their  relative  effectiveness  within  specific  intervals  during  the 
season  since  baits  most  .effective  in  one  type  of  v/eather  may  be  least  effec- 
tive under  another  set  of  conditions.  • 

Table  3.    Average  number  of  codling  moths  captured  per  trap  in  experimental 
baits.    Vincennes,  Indiana.  1940. 

10/^  dark  brown  sugar  stock  solution 
to  each  quart'  of  which  the  folloxving 

were  added  D  -  1  D  -  2     '  D  -  3  

Llay  &    July  to    May  &  July  to  Hay  to  July  to 
June      Sept .      June      Sept .      June      Sept. , 

1.  0.5  cc.  oil  of  sassafras  (Nat.)      23.6       66.6       41.5    123.4     83.1  130.9 
0.5  gn.  sodium  arsenite 

2.  0.5  cc.  bromostyrene 

1  cc.  nicotine  sulfate  .  26.1  98.9 

3.  0.5  cc.  oil  of  sassafras  (Nat.)      25.2  43.3 

4.  0.5  cc.  bromostyrene        .  19.9  65.4 

5.  0.5  cc.  oil  of  sassafras  (Nat.) 

0,25  gm.  sodium  arsenite  45.4  112.4 

6.  0.5  gm.  sodium  arsenite  20.7  74,8 
7..  Sugar  alone  27.5  52.4 

8.  0,5  cc.  oil  of  sassafras 

1  cc.  nicotine  sulfate  47.1  100.0 

9,  Duplicate  of  8  until  July  1. 

"         of  1  later.  43.8  114.5 

10.  0,5  cc.  bromostj'-rene 

0.5  gm.  sodium  arsenite  59.5  176.3 

11.  0.25  cc.  bromostyrene 

0.5  gm.  sodium  arsenite  71.8  173.1 

12.  0.5  cc.  oil  of  mace 

0.5  gm.  sodium  arsenite  98.2  118.0 

14.  0.5  cc.  oil  of  anise 

0.5  gm.  sodium  arsenite  69.8  88.3 
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Least  significant  difference        Odds  i;^  6.7    19.5    10.2    22.9    13.8  27.1 

5^0  9.0    14.4    13.5    17.0    18.4  20.2 


As  an  example  of  the  effect  of  weather  conditions,  Bait  3  in  Series  D-1 
■^as  significantly^  more  effective  than  Bait  1  in  I.Iay  which  was  cool  v/hile  the 
-reverse  was  true  in  J-^one  and  later  months.    The  use  of  sodium  arsenite  in  cool 
T/eather  decreased  the  catches  "but  in  hot  weather  it  increased  them,  Eromo- 
st2rrene  ("tromo-st^rol")  proved  to  "be  the  outstanding  hot  weather  "bait  v/hen 
supplemented  "by  nicotine  sulfate  or  sodi'om  arsenite.  (Baits  2,  10,  and  ll). 

Helative  attractiveness  of  baits  to  ?ruit  Tree  Leafroller  Adults 

Since  the.  leafroller  prohlen  has  become  acute  in  western  Illinois  "bait 
traps  ma^r  "be  v/orth  considering  in  the  control  program  for  this  pest.    For  a 
number  of  j'-ears  heavy  catches  of  leaf  rollers  have  been  made  in  our  codling 
moth  traps  in  June . 

From  June  19  to  29  during  the  latter  part  of  the  flight  period  (which 
began  June.  3),  the  moths  captured  in  the  Series  D  baits  were  counted. 

The  only  outstanding  leafroller  bait  in  D-1  (Table  3)  was  iTo.2. 
ITos.  6  and  7  were  signif icantljr  superior  to  the  others  in  Series  D-2.  The 
most  effective  appeared  to  be  Ho. 11  in  D-3  which  caught  an  average  of  57 
moths  or  nearly  5  times  as  many  as  Bait  1  while  Hos.  2,  5,  and  7,  caught  only 
about  twice  as  many.    Baits  containing  oil  of  sassafras  v/ere  less  effective 
than  sugar  alone  hence  this  aromatic  may  be  somewhat  reiDellent.     The  leaf- 
rollers  were  caught  late  in  June  after  the  decline  in  codling  moth  abundance 
.hence  it  could  not  be  determined  if  those  baits  most  attractive  to  one  insect 
would  also  have  been  most  attractive  to  the  other  at  the  same  time. 

The-  Control  Experiment 

A  rectangular  30-acre  section  of  an  orchard  which  was  v/ell  sprayed  in 
1939  but  poorly  cared  for  in  1940  v/as  used  to  test  the  value  of  bait  traps 
v;hen  used  as  a  control  measure.     In  1939  the  v/est  15-acre  half  was  trapped 
and  the  east  used  for  the  check.     In  1940  the  traps  were  moved  into  the  east 
half  and  the  west  block  used  as  the  check.    An  unsealed  packing  shed  was 
located  beside  the  area  baited  in  1940  near  its  junction  with  the  unbaited 
area.    Both  areas  T/ere  subject  to  its  influence  but  the  east  area  was  affected 
the  most.    The  treatments  were  reversed  in  1940  because  the  normal  distribu- 
tion of  the  population  was  "jnknowj.  and  a  two-year  test  on  this  basis  offset 
in  part  the  lack  of  replication.    It  of  course  put  the  baits  at  a  disadvantage 
because  to  show  any  apparent  control  in  1940  they  had  to  first  overcome  the 
differences  built  up  in  1939. 

In  1940,  Baits  1  and  2  (Table  3)  were  distributed  in  alternate  pairs 
of  rows,  390  trees  being  baited.    Two  double-traps  were  used  in  a  few  trees 
near  the  packing  shed  and  along  the  border  of  an  im sprayed  young  orchard  on 
the  east.    Series  D-1  (Table  3)  was  set  up  in  the  tv/o  rows  adjoining  the 
unbaited  area.    Because  the  baits  Y/ere  not  disturbed  for  long  periods 
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(3. to  4  v/eeks)  it  was  foimd  in  July  that  a  tight  scum  was  forming  on  Bait  2 
(iDromostyrene-nicotine  sulia.te-siigar)  and  reducing  its  effectiveness.  Bait 
11  ("broraostyrene- sodium  arsenite- sugar )  was  therefore  sulDstituted  for  Bait  2 
on  August  2.     In  the  traps  containing  Bait  2  from  which  moths  and  larger 
insects  were  removed  3  or  4  times  weekly  no  obj ectionalDle  scum  formed. 

The  fruit  on  13  V/inesap  and  13  Rome  Beauty'  trees  in  each  area  was 


examined. 

The  data  are  given  in  TalDle  4. 

Tahle  4. 

Average  Infestation  on  Uinesap  and  Rome  Beauty  trees  in  "baited  and 
unbaited  areas.    Vincennes,  Indiana.  1940 

Averags  num'ber  per  tr^e 

Percent  of  apples 

Plot 

Worms 

Apples    June  30      Season  Stings 

Clean         Wormy  Stung 

Baited 
UnlDaited 

946        96                762  297 
1,104       93            1,151  428 

43.8         46.2  21.4 
33.6         54.2  29.4 

In  1939  the  oast  area  averaged  3,841  apples  per  tree  compared  with 
3,174  in  the  west  area.    The  difference  in  yields  "betv/een  the  areas  was 
reversed  in  1940  hut  the  advantage  in  size  of  crop  remained  with  the  unbiaited 
area.    The  baits  in  1939  appeared  to  have  reduced  the  worm  population  ahout 
71  percent,  from  436  to  126  worm  entrances  per  tree.     In  1940  therefore  the 
baited  area  had  overcome  this  difference  "by  the  end  of  June  despite  its  proxim- 
ity to  the  packing  shed  and       harvest  had  caused  a  further  reduction  in 
number  of  injuries  per  tree  of  approximately  32  percent.     If  allowance  is  made 
for  the  effect  of  differences  in  yields,  the  true  difference  in  infestation 
will  fall  around  25  percent.     In  previous  years  we  have  found  that  baits 
appear  most  effective  in  the  first-brood  period,  for  example  by  June  30  of 
1939  the  apparent  reduction  was  79  percent  so  that  some  of  the  control  gained 
v/as  lost  before  harvest.    The  areas  of  15  acres  are  too  small  to  retain  early 
gains  if  these  gain a  establish  relatively  large  differences,  the  overfloT?  of 
moths  from  untreated  to  treated  blocks  tending  to  reduce  the  rate  of  increase 
in  one  area  and  increase  it  in  the  other.    For  the  first,  time  in  several 
years  a  substantial  further  reduction  was  made  after  June  SO  partly  because 
the  baits  were  not  handicapped  by  a  large  population  difference  in  midseason. 
Likewise  the  tendency  for  the  two  1939  populations  to  level  off  probably  aided 
the  baits  in  overcoming  their  initial  handicap. 

Traps  in  the  area  caught  approximately  4,500  spring-brood  moths  and 
12,860  of  the  1st  and  2nd  broods.    That  the  packing  shed  supplied  many  during 
the  period  in  J'one  v/hen  emergence  reached  its  peak  in  the  shed  is  indicated 
by  the  fact  that  63  percent  of  the  spring-brood  moths  were  caught' in  June 
v/hereas  in  other  orchards  only  45  percent  were  caught  in  that  month. 

Orchard  Sanitation 


Additional  sanitation  studies  again  showed  that  some  overwintering 
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larvae  move  to  new  quarters  iDsfore  pupation  in  the  spring.    A  detailed 
examination  of  11  trees  and  three  20°  sectors  under  each  showed  that  25 
percent  of  the  surviving  population  was  on  the  ground.    Host  of  these  larvae 
were  in  weed  stems i  some  in  strav/  mul.ch)  and  a  few  in  leaves,  "bits  of  wood, 
"brier  stuhtle  and  on  small  twigs*    Of  those  on  the  ground  54  percent  were 
within  3  ft.  of  the  trUnk  (an  unUsually  high  proportion  for  this  region), 
38  percent  were  from  3  to  10  feet  av;ay,  and  8  percent  were  more  than  10  feet. 
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B21LTSVILLS,  IvIARYLAND 
Sj  Hi  Siegler,  In  Charge 

G-eneral  Insecticide  and..riP'Qliage  Tests 

Much  of  the  ?;ork  at  this  lalDoratory  consists  in  the  toxicological 
evaluation  of  organic  compounds.     The  results  of  these  tests  are  usually  re*- 
ported  under  code  numhers  and,  therefore,  would  have  no  special  value  to  the 
reader  at  this  time.     There  are  certain  data,  ho\7ever,  v;hich  may  "be  of 
interest  and  these  are  herevdth  reported. 

A  considerable  numher  of  small-scale  tests  of  new  organic  insecticides 
alone  and  in  comhination  v/ith  fungicides  have  "been  made  on  apple  and  peach 
foliage  in  cooperation  \7ith  the  Bureau  of  Plant  Industry  of  the  Department  of 
Agriculture.    The  effects  of  these  sprays  v/ere  observed.    The  results  are 
fairly  indicative  of  that  ?/hich  may  he  expected,  especially  in  instances  in 
which  damage  to  the  foliage  occurred.     In  these  cases  it  is  "believed  that 
the  materials  are  rather  definitely  eliminated  as  potential  sprays;  on  the 
other  hand,  the  sprays  which  caused  no  injury  are  worthy  of  further  study. 

Phenazine  has  "been  tested  at  this  laboratory  from  time  to  time.  The 
last  test  gave  a  very  low  percentage  of  wormy  plugs  (3.3),  "but  a  high  per- 
centage of  stung  fruit  (48.9),  which  results  are  more  or  less  characteristic 
of  this  compound. 

Compound  E  -  1359  (para  nitrophenyl  iodochloride)  gave  only  2  percent 
of  V7ormy  plugs.    VJhen  tested  as  a  spray  on  Stayman  apple  foliage  it  gave 
slight  injury,  and  moderate  injury  to  the  foliage  of  Crimes  Golden.  -.Then 
com"bined  with  Bordeaux  mixture,  slight  injury  resulted  to  Grimes  Golden. 
This  compound  \7as  also  tested  on  the  foliage  of  Slherta  peach  trees.  Vfeen 
used  alone  it  produced  severe  injury,  "but  v/hen  combined  with  v/ettable  sulphur 
and  hydrated  lime  it  caused  no  injury  to  the  peach  foliage.    An  isomer  of 
the  above  compound,  coded  as  E  -  1357  and  identified  as  ortho  nitrophenyl 
iodochloride,  was  also  very  effective  with  respect  to  preventing  successful 
entrants,  but  permitted  51.9  percent  of  stings.    On  Stayman  foliage  this 
compound  produced  very  slight  injury  and  on  Grimes  foliage  no  injury  when 
used  alone  or  v;hen  employed  v/ith  Bordeaux  mixture.    However,  sprays  of  this 
compound  alone  and  combined  with  wettable  sulphur  plus  hydrated  lime  were 
severely  injurious  to  Elberta  peach  foliage. 

T7hen  used  at  a  concentration  of  0.05/t,  the  alkaloids  anabasine  and 
lupinine  are  relatively  non-toxic  to  codling  moth  larvae. 

It  has  been  found  by  plant  pathologists  of  the  Bureau  of  Plant 
Industry  of  the  U,  S.  Department  of  Agriculture  that  the  addition  of  ferric 
chloride  to  phenothiazine  gives  a  higher  fungicidal  value  than  vihen  pheno- 
thiazine  is  used  alone.    The  results  of  a  test  indicated  that  the  addition 
of  ferric  chloride  lowers  somewhat  the  effectiveness  of  phenothiazine 
against  codling  moth  larvae.    The  Division  of  Insecticide  Investigations 
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suggested  that  possilDly  the  addition  of  lime  to  the  comlDination  of  pheno- 
thiazine-lDentonite  would  prevent  the  'unfavorahle  action  of  hentonite  on 
the  toxicity  of  phenothiazine .    Tests  conducted  shov/ed  that  lime  increases 
the  initial  toxicity  of  phenothiazine  and  that  it  prevents  the  rapid  loss 
in  the  toxicity  of  the  insecticide  in  the  presence  of  "bentonite.    Also  it 
was  found  that  lime  improves  somev/hat  the  initial  toxicity  of  the  comhi- 
nation  of  phenothiazine-hentonite . 

In  view  of  the  helpfulness  of  lime  in  preventing  the  quick  loss  in 
toxicity  of  phenothiazine-bentonite ,  a  study  of  the  residual  effectiveness 
of  lime  in  this  connection  was  made.    The  sprayed  fruit  \7as  held  in  a  green- 
house for  a  week  previous  to  infestation.    Tlie  resulting  data  indicated 
that  lime  does  not  prevent,  except  for  a  day  or  so,  the  "breakdo^;7n  in  the 
toxicity  of  phenothiazine  in  the  presence  of  "bentonite. 

Because  of  the  value  of  lime-sulphui^  solution  as  a  fungicide  tests 
^vere  made  in  wiic'i  it  was  combined  v/ith  phenothiazine.     The  toxicological 
results  of  the  test  indicated  that  lime-sulphur  does  not  have  the  same 
effect  as  lime  in  increasing  the  initial  effectiveness  of  phenothiazine.  . 

According  to  results  o'btained  \7ith  a  comlDination  of  phenothiazine 
and  wettahle  sulphur,  either  alone  or  plus  lime,  it  appears  that  the 
addition  of  these  materials  considerably  lowers  the  initial  toxicity  of 
this  compound. 

Three  samples  of  phenothiazine,  prepared  from  crystalline,  amorphous, 
or  mixed  crystalline  and  amorphous  sulphiu"  (50/^  of  each),  were  tested  to 
determine  vrhat ,  if  any,  effect  the  structural  form  of  the  sulphur  would  have 
on  the  toxicity  of  the  compound.     The  results  of  these  tests  shov;ed  that 
toxicities  of  the  three  samples  to  newly-hatched  codling  moth  larva  were 
ahout  the  same. 

The  Thunder  G-od  Vine,  An  Insecticide-bearing  Plant 

History 

Chinese  market  gardeners  have  long  used  the  powdered  roots  of  the 
Thunder  G-od  Vine,   (lei  lomg  teng) ,  Tripter^rgi-um  wilf ordii ,  Hook  fil.,  for 
insect icidal  purposes.    Recently  it  has  been  introduced  into  Ilaryland  for 
the  study  of  its  growth  and  possibilities  as  an  insecticide  plant. 

Chemical  and  toxicological  studies 

In  cooperation  with  the  Division  of  Insecticide  Investigations,  this 
laboratory  has  made  a  preliminary  evaluation  of  the  toxicities  of  the  roots 
and  of  various  extracts.    The  chemicaJ  studies  have  largely  followed  the 
leads  furnished  by  the  toxicological  results.    At  the  present  writing, 
hov/ever,  the  nature  of  the  toxic  component  or  components  are  undetermined. 
But  irrespective  of  the  poisonous  materials  which  are  contained  in  the  roots 
of  this  plant,  our  results  show  thorn  to  be  highly  toxic  to  codling  moth 
larvae.    How  practical  it  would  be  to  extract  the  poisonous  substances  for 
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coHimercial  usage  is  not  yot  loiown.    -if,  on  tho. other  hand,  the  insecticidal 
principles  could  be  synthesized, '  this ^method  of  preparation  might  offer 
more  promise  than  the  making  of  plant  oxtractives  from  the  standpoint  of 
commercial  production.  .  .., 

The  results  of  laboratory  tests  against  newly-hatched  codling  moth 
larvae  are  given  in  Tahle  1.    As  a  matter  of  comparison  the  reader  will  he 
interested  in  knowing  that  the  average  of  all  lead  arsenate  (2-50)  tests 
made  during  1940  was  33.7  percent  wormy,  13.0  percent  stung,  and  53.3 
percent  of  clean  apple  plugs,  and  that  the  average  of  all  check  tests  was 
9.8.3,  0.4  and  7.3  percent s  of  wormy,  stung  and  clean  plugs,  respectively. 

Attention  is  called  to  the  fact  that  the  insecticidal  constituents 
are  present  in  the  alkali  insoluhle  fraction,  desigiated  as  547.    It  is 
of  further  interest  to  note  that  extractive  L  -115  retains  its  toxicity 
after  a  week's  exposure  as  a  spray  film  under  laboratory  conditions. 

One  serious  wealmess  has  thus  far  boon  discovered  with  reference  to 
extractive  L  -  115.     In  simultaneous  tests  this  gave  3.9  percent  of  wormy 
plugs  when  used  alone,  but  when  combined  with  Bordeaux  mixture  and  with 
wettable  sulphur  plus  hydrated  lime,  the  percent s  of  wormy  plugs  were  84.9 
and  59.9  respectively. 

Other  variations  in  results,  due  to  chemical  preparation,  will  be 
noted  in  the  data  for  different  extracts  as  shown  in  Table  1. 
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Tatle  1* — Results  of  la'boratorj'-  tests  against  codling 
moth  larvae  of  various  samples  olDtained  from 
the  roots  of  Thunder  G-od  Vine  (Lei  Kung  t'eng) 
Tripterygium  Tziliordii .  Local  larvae. 


Sample  and  dosage 

Date  of 
test 

No  i 
Plugs 

Wormy 

■Percentage 
St-'jng 

Clean 

Small  roots                                   ■  2-50 

Oct.  1939 

94 

43«6 

9*6 

46.8 

iledium-sized  roots  2-50' 

Oct.  1939 

100 

41.0 

11.0 

48.0 

Extractive  i^o,  6  4-50 

i'ov.  1939 

85 

1.2 

1.2 

97.5 

Large- si  zed  roots  (200  mesh  or  2-50 

smaller) 

Teh,  1940 

101 

OO  .  O 

1.0 

62.4 

Medium- si  zed  roots  (200  mesh  2-50 

or  smaller) 

Feb.  1940 

103 

40.8 

3.9 

55.3 

AlcOiiolia  e.itractive  A-102  oi  2-50 
very  fine  roots 

Mar.  1940 

102 

8.9 

1.0 

92.1 

Alcoholic  extractive  A- 103  of  2-50 
hark  of  medium-size  fresh  roots 

Mar.  1940 

102 

1.0 

3.9 

95.1 

■•aiiei   so±UDj.e  iracuion  Oi 

alcoholic  extractive  A-104  of  2-50 

medium-size  fresh  roots  without  hark 

Mar.  1940 

97 

52.6 

3.1 

44.3 

Alcoholic  extractive  A-105  of  2-50 
medium-size  fresh  roots 

Mar.  1940 

94 

2.1 

1.1 

96.8 

A- 10  6 

Root  from  China  2-50 
(100  mesh  or  smaller) 

Mar.  1940 

102 

22.5 

1.0 

76.5 

546,  Alkali  soluhle  fraction  2-50 
of  A-102,  A- 103  and  A-105 

Mar.  1940 
Mar.  1940 

102 

86.3 

0.0 

13.7 

547,  Alj-iali  insoluhle  fraction  2-50 
of  A-102,  A-103  and  A~105 

99 

0.0 

17.3 

as. 8 

548,  -Hther  insoluhle  gum  from  2-50 
A-102,  A-103  and  A-105 

_  Ma;*,  1940 

32 

78.1 

0.0 

21.9 

556,  Extractive  of  107  i-50 

.  May  1940 

98 

9.2 

6.1 

84.7 
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Table  1. — Ees.u.lts  of  lalDoratory  tests  against  codling 
(cont.)    moth  larvae  of  various  samples  o^btained  from 

the  roots  of  Thuilder  Crod  Vine  (Lei  Kung  t'eng) 
, Tripteyygium  wilfordii .       Washington  larvae. 


Sample  and  dosage 

Date  of  ; 
test  : 

No. 

plugs  _ 

Percentage 

Wormy 

Stung 

Clean 

L-113  extractive  2-50 

Oct.  1940  : 

102 

19.5  ' 

17.7 

62.7 

L-114  extractive                 •    '  2-50 

Oct.  1940  i 

101 

10.9 

11.9 

77.2 

L-115  extractive  ■  2-50 

Oct.  1940  : 

104 

1.0 

11.5 

57.5 

L-115  extractive 

V/hole  aD'ole  residual  test  si^raved  2-50 
Nov.  12  and  infested  Nov.  19 

Nov.  1940 

109 

16.5 

16.5 

66,0* 

L-115  extractive  P-RO 
Whole  apple  residual  test  sprayed 
Nov.  19  and  infested  Nov.  19 

Wnv     1  Q4.0 

9.4 

22.4 

;  68.2 

L-115  extractive  2-50 

Nov.  1940 

103 

3.9 

5.8 

:  90.3 

L-115  extractive  2-50 
Bora.eaux  2-4-50 

Nov,  1940 

99 

;  84.9 

■ 

1.0 

i  14.1 

L-115  extractive  2-50 

T    Wfc3L,L>ciU±t3     SUilUI        O  Ui.  I  UJ/ On  /                       O— DU 

4  Hydrated  lime    ..               .    ■  -3-50 

Nov.  1940 

103 

69,9 

2,9 

:  26.2**  , 

L-115  extractive  2-50 

Nov.  1940 

106 

.  12.3 

11.3 

:  76.4 

L-115  extractive  2-50 
V;hole  apple  residual  test  sprayed 
Nov.  28  and  infested  Dec.  5 

Nov.  1940 

106 

1  16.0 

25,5 

:  59.5 

L-115  extractive    ,              . ,  .  .  'S-50 
V'/ho  1  e  app  1  e  r  e  s  i  dual  t  e  st  sprajre  d 
Dec.  5  and  infested  Dec,  5 

Nov.  1940 

103 

:  16.5 

.  19,4 

i  64.1 

*  One  larva  dead  deep  in  apple  plug,  Percent  survival  16,5,  stung  16.5  dead  67.0 

with  only  66.0  of  clean  fruit. 

**One  larva  dead  deep  in  apple  plug.  Percent  survival  69.9,  stung  2.9,  dead  27,2 

with  only  26.2  of  clean  fruit. 
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Ta"bls  1. — Results  of  laboratory  tests  against  codling 
(cent.)    motli  larvae  of  various  samples  o"btained  from 
the  roots  of  Thimdai*  God  Vine  (Lei  Kimg  t'eng) 
.  Tripterygiiun  '.7ilfordii«  Local  larvae  ♦ 


Date  of 
test 

No. 

Percentage 

Sample  and  dosage 

Plugs 

Clean 

557, 

Extractive-  of  107 

1-50 

May  1940 

'  !  

95 

5.2 

9.5 

85*3 

558, 

Extractive  of  107 

li-50 

May  1940 

95 

3.1 

7.4 

89.5 

550, 

Extractive 

■  1-50 

Ilay  1940 

105 

27.6 

12.4 

-     -  , 

60.0 

561, 

Extractive 

'  1-50 

Hay  1940 

100 

11,0 

6.0 

83.0 

566, 

Extractive 

.  1-50 

Hay  1940 

36 

100.0 

0.0 

0.0 

567, 

Extractive 

1-50 

May  1940 

.107 

43.0 

0.9 

56.1 

558, 

Extractive 

1-50 

May  1940 

104 

8.7 

6.7 

84.6 

569, 

Extractive 

1-50 

May  1940 

102 

27.4 

10.8 

61.8 
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Larval  Baits  as  Stir  face-feeding'  Stimulants 

Farther  attempts  to  increase  th3  effectiveness  of  lead  arsenate, 
by  combining  v;ith  it  larval  attract ants  as  a  means  of  stimulating  surface 
feeding,  were ■  carried  out  during  the  year.    TJinesap  apple  seeds,  at  the 
rate  of  8  poujids  to  50  gallons  of  a  spray  containing  2  pounds  of  lead 
arsenate,  v/ere  macerated  and  extracted  in  the  cold  for  24  hours  v/ith 
ethanol.    The  results  indicated  that  the  addition  of  the  apple  seed 
extract  was  not  helpful. 

In  another  experiment,  freshly  prepared  appl^  juice ,  made  from  the 
flesh  of  V/'inesap  apples,  was  added  at  the  rate  of  8-50  to  a  lead  arsenate 
spray  of  2-50  dosage.    The  data  showed  that  the  effectiveness  of  lead 
arsenate  \7as  not  increased  through  the  addition  of  apple  juice. 

Further  experiments  were  conducted  in  which  an  ethanolic  extract  of 
Wine  sap  apple  skins  was  used.    The  eitractive  was  combined  Yiith.  lead 
arsenate  (2-50).    Two  replicates  of  lead  arsenate  alone  gave  an  average  of 
24  percent  of  survivals,  whereas  two  of  lead  arsenate  plus  apple  skin 
extract  gave  13  percent.    An  analysis  of  variance  indicated  that  the 
addition  of  the  apple-skin  extractive  to  lead  arsenate  was  significantly 
helpful  in  killing  the  larvae.     It  would  seem  logical  that  the  skins  of 
apples  might  contain  larval  at tract ants. 

In  view  of  the  indication  that  the  addition  of  an  alcohol  extract  of 
apple  skins  to  lead  arsenate  increases  the  effectiveness  of  the  latter, 
cooperative  ^York  has  been  arranged  with  the  Division  of  Insecticide  In- 
vestigations to  further  study  the  possible  attractiveness  of  various  consti- 
tuents of  the  apple  to  codling  moth  larvae.    The  primary  object  of  this 
work  is  to  stimulate  larval  feeding  on  the  poisoned  surfaces  of  both  apple 
foliage  and  fruit.     If  a  considerable  percentage  of  the  larvae  could  be 
induced  to  ingest  a  lethal  dose  of  the  poisoned  foliage  before  reaching  the 
fruit,  much  better  control  of  the  codling  moth  would  likely  be  effected. 

Aluminum  hydroxide,  a  Potential 
Sticker  for  Phenothiazine 

In  the  studies  on  aluminum  hydroxide  as  a  sticker  for  phenothiazine 
which  were  conducted  during  July  and  August,  Madame  Butterfly  rose  and 
Delicious  apple  foliage  were  compared  directly.     The  sprays  were  applied 
by  means  of  a  compressed-air  sprayer  to  potted  plants  as  they  revolved  on 
a  turntable.    The  plants  were  wetted  with  the  maximum  quantity  of  spray 
which  could  be  made  to  adliere  to  the  upper  and  lower  surfaces  of  the  leaves. 
After  an  interval  of  a  day,  the  plants  were  v/ashed  v/ith  1  pint  of  water 
with  the  same  apparatus.    A  number  of  replicated  samples  of  200  disks 
each  of  apple  and  rose  foliage  were  taken  from  which  Dr.  Cupples,  of  the 
Division  of  Insecticide  Investigations,  used  50  for  each  analysis.  The 
sticker  employed  in  these  tests  was  tank  made  in  accordance  with  a  fnrmula 
developed  by  Dr.  Cupples.    Unf ortmately ,  the  results  of  the  tests  made  at 
this  laboratory  were  quite  irregular,  and  for  this  reason  no  reliable 
conclusions  could  be  dravai  as  to  the  value  of  aluminum  hydroxide  as  a 
sticker  for  phenothiazine.    Experiments  by  Dr.  Cupples,  hov/ever,  show  it 
to  be  effective. 
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Stndies  were  subsequently  made  to  determine  v;hat  effect  the  aluminum 
hydroxide  might  have  on  the  toxicity  of  phenothiazine .    T\7o  physical  forms 
of  phenothiazine,  regular  and  micronizedj  employed,  and  the  tests 

were  replicated  three  times.    'The  data  obtained  showed  that  phenothiazine, 
regular i  permitted  21 »7  percent  of  survivals!  v/hereas  the  compound  when 
mixed  with  aluminuin  hydroxide  all o^7ed  41i3  percent  of  living  larvae.  In 
the  case  of  the  microhi25ed  phenothiazine  i  the  percentage  of  survivals  was 
ahout  doubled  through  the  addition  of  feltuninum  hydroxide*  Incidentally, 
it  was  of  importance  to  note  that  the  raicronized  phenothiazine  was  much 
more  effective  than  the  regular  grade.    In  connection  with  these  studies, 
it  should  not  "be  inferred  that  aluminum  hydroxide  is  without  possible  value 
as  a  sticker  because  of  its  effect  on  the  toxicity  of  phenothiazine.  It 
will  be  necessary  to  make  further  toxicological  studies  to  determine  the  . 
effectiveness  of  the  phenothiazine-ali:iminiuii  hydroxide  combination  after 
washing  in  comparison  ivith  phenothiazine  alone  following  washing. 

■  '^feathering  Tests  of  Chemically-treated  Bands 

Corrugated  paper  bands,  chemically-treated  in  accordance  with  the 
formulas  given  in  Table  2  were  attached  to  uniform  wooden  posts  and  exposed 
thereon  to  the  weather  from  July  1  to  November  4,  1940.    During  this  period 
there  were  13.35  inches  of  rain.     The  summarized  data  with  respect  to  the 
average  percent  of  chemical  load  lost  are  also  given  in  Table  2.  These 
results  are  based  on  the  weights  of  80  bands  before  and  after  exposure. 
As  will  be  noted,  the  cold-dipped  bands  lost  the  least  of  the  chemical 
coating  (49. 8^0)  and  the  hot-dipped  bands  (lOO  viscosity  oil)  lost  the 
most  (69.8^). 
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Table  2. — Loss  of  chemical  loads  from  chemically- 
treated  "bands  applied  to  posts. 
Beltsville,  Maryland.  1940 


'  Formula 

; 

No.  of  \ 

Average  percent  of 

bands  '• 

chemical  load  lost 

rormula  Ho.  1 

A  - 

50.5 

(Hot  dipped) 

5    ■  i 

B  - 

59.2 

5  : 

C  - 

62.5 

Seta  Naphthol  (tech'l.)  -  1  It 

• 

Oil  (lubricating)  300  S.U.V.  - 

1  1/2  pts. 

Mean 

57.4 

Formula  No.  9 

5 

•A  - 

57.89 

(Hot  dipped) 

10 

^    B  - 

64.30 

5 

c  - 

67 .95 

Beta  naphthol  (tech'l.)  -  1  ITd 

• 

Oil  (lubricating)  100  S.U.V.  - 

1  1/2  pts. 

r.Iean 

63.4 

Aluminum  stearate  -  0.5  oz. 

Formula  iMo.  17 

;  5 

I  A 

I    A  - 

70 .00 

kiiot  dipped; 

:  lO 

i    B  - 

71.25 

;  ^ 

:   c  - 

74,75 

xseta  naiDxithol  v.tecn  x.j  —  1  ID 

• 

•  c 

0 

:   D  - 

63,06 

Uil  i iuDricatmgj  100  o.u.V,  - 

1  1/2  pts. 

'•  Mean 

69.8 

Formula  No .  14 

:  5 

:  A  - 

44.84 

(Cold  dipped) 

:  10 

:  B  - 

50.80 

:  5 

i  c  - 

53.87 

Beta  naphthol  (tech'l.)  -  1  lb 

• 

Oil  (lubricating)  100  S.U.Y.  - 

1  1/2  pts. 

:  Mean 

49.8 

Diluted  ^vith  gasoline 

A  =  Original  chemical  load  of  about  0.30  ounces  per  foot  of  band. 
B  =  Original  chemical  load  of  about  0.40  ounces  per  foot  of  band. 
G  =  Original  chemical  load  of  about  0.50  ounces  per  foot  of  band. 
D  =:  Original  chemical  load  of  about  0.75  ounces  per  foot  of  band. 


V 
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Of  the  four  formulas  used,  an  analysis  of  variance  indiri^tSs  that 
the  differences  "bet'.veen  bands  were  highly  significant  except  in  the  case 
of  the  cold-dipped  formula  '.vith  \7hich  a  negative  "F"  value  was  olDtained. 
An  analysis  of  the  variance  of  the  four  formulas  used  in  1940  also  shov/s 
that  there  is  high  significance  "between  formulas. 

In'Tahle  3  will  "be  found  a  summary  covering  a  period  of  four  suc- 
cessive years  during  which  four  formulas  and  three  to  four  chemical  loads 
of  each  were  tested  to  determine  the  extent  of  v/eathering  of  the  chemically- 
treated  hands.    In  accordance  with  these  data,  Formula  1  -  hot  dip  - 
("beta  naphthol,  tech'l.,  1  pound;  oil  (luhri eating)  300  S.U.Y.,  1  l/2  pints) 
and  J'ormula  14  -  cold  dip  -  ("beta  naphthol,  tech'l.,  1  pound;  oil  (luhri- 
cating)100  S.U.V, ,  1  l/s  pints;  diluted  vzith  gasoline)  were  the  most  resistant 
to  weathering,  the  average  losses  being  54.3. and  54,6  percents  respectively. 
The  other  two  formulas  weathered  almost  as  well,  namely ,  ..Formula  9  -  hot 
dip  -  (beta  naphthol,  tech'l.,  1  powid;  oil  (lubricating  )  100  S.U.V. ,  1  l/2 
pints;  aluminum  stearate  0.5  ounce)  had  a  loss  of  58,7  percent  and  Formula 
17  -  hot  dip  -  (beta  naphthol  tech'l,,  1  pound;  oil  (lubricating)  100  S.U.V,, 
1  1/2  pints)  a  loss  of  63.9  percent.    An  analysis  of  variance  of  the  results 
obtained  v/ith  the  four  formulas  which  have  been  tested  in  four  successive 
years  has  been  made.    By  using  the  interaction  variance  for  the  calculation 
of  "F"  there  is  significance  between  formulas  at  the  5/o  level  but  not  at  the 
1^  level.    There  is  no  significant  difference  between  Formulas  1  and  14  as 
is  obvious  from  the  untreated  data  and  differences  between  Formulas  1  and  9 
or  between  14  and  9  do  not  reach  those  required  for  100  to  1  odds.  The 
differences  between  Formula  17  and  any  other  formula  exceeds  the  l^o  level 
of  significance,  . 


TpJole'  Z, — Percent  of  cihemical  load  lost  "by  "bands  in 
tests  conducted  at  Belt sville,  Maryland, 
for  four  successive  years. 


Formula 

1  Chemical 
:  load 
'"before 
exposure 

;                             .  Percent  of .chemical  load  lost 

1937 

1936;' 

1939 

1940 

Average  of 
4  years 

A  ■ 

B  ■  ■  ■ 

c 

Mean . 

49.2 

57.6- 

55.2 

r 

.  54.0 

54.5 
46.7 
,58.0 

53'.0 

r  ■ 

•48.1 
. .53.6 
:  '56.2 

'  ■  52.6'- 

:  50.5' 
\  59.2 
:  62.5 

;   V    ■  57'.4. 

54.3 

9 

•   -A  ■ 
■B 
C 

Mean 

42.5  ■ 

53.2' 

54.8 

50.2 

51.2 
56.0 
61.6 

56.3 

63.2 
..  67.1 
64.6  • 

64.9 

57.9 
64.3  . 
67.9 

63.4  , 

58.7 

17 

A 

B 

c  : 

Mean 

53.3 
59.5 
63.3 
56.5 

58.2 

62.2 
68.1 
68.5 
62.2 

65.2 

59.0 
64.7 
67.3 
58.4 

62.4 

70.0 
71.2 
74,8 
63.1 

69.8 

63.9 

14  : 

A  ; 
B 

G  ; 

Mean  ; 

50.8 
64.1 
59.2 

58.0 

52.5 
57.1 
44.6 

51.4 

61.7 
57.8 
57.8 

59.1 

44.8 
50.8 
53.9 

49.8 

54.6 

A  =  Original  chemical 
B  =  Original  chemical 
C  =  Original  chemical 
D  =  Original  chemical 


load  of  a"bout  0.30 

load  of  a'bout  0.40 

load  of  a"bout  0.50 

load  of  a"bout  0.75 


ounces  per  foot  of  "band, 
ounces  per  foot  of  "band, 
ounces  per  foot  of  "band, 
ounces  per  foot  of  iDand, 


ST.  JOSEPH,  MISfeomi 


-Howard  laker ,  In  Charge 


Seasonal  Conditions 

Ra.infall  was  greater  and  more  nearly  normal  than  in  any  year  since  1934. 
It  WO.S,  hov;ev3rj  much  above  normal  in  Augast  and  much  "beldv;  normal  in  September 
and  October . 

The  crop  of  the  sur;mier  and  Jonathan  varieties  v/as  spotted  and  much 
belov/  normal  \7hile  that  of  most  varieties  later  than  Jonathan  \7as  near  or  above 
normal  for  the  section  as  a  v/hole.    The  crop,  as  a  whole,  was  one  of  the 
largest  and  best  "off-year"  ones  ever  produced  in  this  area.    Preharvest  drop- 
ping of  worm- free,  ma.turing  fruit  on  trees  whose  foliage  was  in  fair  to  good 
condition  was  unusually  light  and  much  less  than  in  most  other  recent  years. 

Abnormally  low  temperatures  that  prevailed  during  the  period  November 
11  to  15,  inclusive,  appear  to  have  injured  trees  of  the  Jonathan  and  later 
maturing  varieties  severely  throughout  this  region. 

Despite  the  fact  that  mortality  of  hibernating  codling  moth  larvae, 
due  to  the  abnormally  lov/  temperatures  that  prevailed  during  January  1940, 
ranged  from  35  to  40  percent  in  most  hill-land  orchards  to  from  60  to  75  per- 
cent in  bottom-land  ones,  the  surviving  population  was  much  larger  than  normal. 
As  a  result,  the  ten  bait  traps  operated  in  and  adjoining  the  experimental 
spray  block  caught  an  average  of  846  moths  each  during  the  season.    This  is 
considerably  less  than  the  number  of  moths  caught  per  trap  in  1939  but  moderate!!^ 
to  considerable  higher  than  the  number  caught  in  any  other  previous  season. 

Bait  trap  catches  of  spring-brood  moths  began  May  13,  or  about  a  week 
later  than  normal,  reached  their  peak  June  2,  and  v/ere  large  during  the  period 
May  27  to  June  6.  Bait  trap  catches  of  first-brood  moths  began  about  July  15, 
reached  their  peak  August  2,  and  v/ere  high  during  the  period  July  25  to  August 
8.  iloths  v/ere  caught  in  moderate  to  large  numbers  from  August  8  until  Septem- 
ber 22  when  rain  did  not  interfere  with  their  activity. 

Sgg  laying  by  spring-brood  moths  began  during  the  period  Hay  21  to  25, 
reached  its  peak  June  6  to  10,  and  continued  at  a  moderate  level  until  June 
21  to  25.    Egg  laying  'bj  moths  of  the  later  broods  began  during  the  latter  part 
of  the  first  half  of  July,  reached  a  moderate  level  by  July  18,  continued  at  a 
moderate  to  higli  level  during  the  period  July  18  to  September  S,  and  reached 
its  peak  during  the  period  August  28  to  31,  inclusive. 

'Jorm  injury  was  generally  much  less  than  in  1939  and  ranged  from  very 
light  to  light  in  most  of  the  well-spre^yed  younger  orchards  to  moderate  or 
slightly  heavier  in  the  older,  more  heavily  infested  orchards.    The  third  brood 
of  worms  was  considerably  smaller  than  in  the  last  two  or  three  years. 


Field  Tests  of  Insecticides 

Tests  of  miscellaneous  treatments 

Small  plot  field  spray  tests  of  insecticides  for  control  of  the  codling 
moth  were  carried  out  in  a  block  of  trees  of  the  Jonathan  variety  located 
near  Troy,  Kansas.    The  trees  were  23  years  old,  rather  thick  and  "bushy,  and 
had  a  light  to  moderate  spotted  crop.    All  treatments  were  applied  to  single 
trees  replicated  nine  times.    The  codling  moth  infestation  v/as  heavy  as  indi- 
cated "by  the  fact  that  the  "bait  traps  operated  caught  an  average  of  846  moths 
each. 

The  entire  block  was  given  a  prebloom  scab  spray  of  liquid  lime  sul- 
phur April  24  and  a  uniform  calyx  spray  of  lead  arsenate,  hj'drated  lime,  and 
dry  lime  sulphur  May  13.    The  experimental  treatments  v/ere  applied  in  seven 
cover  sprays  as  follov/s:     1st  cover  -  I.Iay  2?,  28;  2nd  cover  -  June  5;  3rd 
cover  -  June  17;  4th  cover  -  July  9,  10;  5th  cover  -  July  19,  20;  6th  cover  - 
August  2,  3;  and  7th  cover  -  August  19,  20.    Harvest  was  started  September  16 
and  completed  September  28. 

The  treatments  tested  and  the  results  effected  by  them  are  given  in 
table  1.  . 
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Large  scale  comparison  of  lead  arsenate . and  .nicotine 

A  standard  lead  arsenate  and  a  modified  tank-mix  nicotine  TDSntonite 
'treatment  v/ere  compared  for  their  alDility  to  control  codling  moth  in  a  "block 
containing  aDout  225  trees  of  the  Jonathan,  Delicious,  and  V'inesap.  varieties 
in  an  orchard  near;  Troy,  Kansas.    Host  of  the  tre^s  were  in  fair  to  good; 
vigor  and  needed  considera"ble  priming.    The  Jonathan  trees  had  a  light, 
spotted  crop  and  the  Delicious  and  V/inesap  trees  a  hesivy  one.    The  codling 
moth  infestation  v/as  very  hea\'y  in  the  area  containing  and  surrounding  the 
Jonathan  trees  and  much  lighter  in  the  area  containing  and  surrounding  the 
Delicious  and  '^"'inesap  trees.    Sach  treatment  v/as  replicated  8  times  in  the 
experimental  hlock  v/ith  2  replications  in  the  Jona-han  area,  2  in  the 
Delicious,  and  4  in  the  V/inesap  one.    Each  replicauion  was  2  tree  rows  wide 
"by  7  or  8  trees  long.    Location  of  the  treatments  within  varieties  was 
determined  "by  chanc?e. 

The  entire  iDlock  v;as  given  a  prebloom  scat  spray  of  .liquid  lime 
sulphur  April  24,  25  and  a  uniform  calyx  spray  of  lead  arsenate,  hydrated 
lime,  and  dry  lime  sulphur  Hay  14.    The  sxpsrimental  treatments  v/ere  applied 
in  seven  cover  sprays  as  follows:     1st  cover  -  May  28; '2nd  cover  -  June  6,7; 
3rd  cover  -  June  18;  4th  cover  -  July  10;  5th  cover  -  July  22;  6th  cover  ~ 
August  3,5;  and  7th  cover  -  August  20,21.    In  addition,  one  row,  selected 
"by  chance,  in  each  replication  of  each  treatment  was  given  an  8th  cover  • 
spray  Septemher  6.  •  ' 

The  treatments  tested  were  as  follows:   (Amounts  per  100  gallons) 

(1)  Lead  arsenate  3  lbs.  +  hydrated  line  3  lbs.  -i-  wettable  sulphur  5 
lbs.  in  1st  cover;  lead  arsenate  4  lbs.  +  hydrated  lime  4  lbs. 
in  2nd  cover;  lead  arsenate  4  lbs.      mineral  (summer)  oil  3  qts. 
+    Bordeaux  mixture  3/4-1-1/2-100  in  3rd  cover;  lead  arsenate 

3  lbs.      Bordeaux  mixture  3/4-1-1/2-100  in  4th,  -Sth,  6th,  7th, 
and  8th  covers. 

(2)  Tank-mix  nicotine  bentonite;  nicotine  sulfate  (AOfo  nicotine)  1  pt. 

4  bentonite  5  lbs.  +  wettable  sulphur  5  lbs.  in  1st  cover; 
nicotine  sulfate  1  pt.  +  bentonite  5  lbs.  +   soybean  oil  1  qt .  in. 
2nd,  3rd,  and  4th  covers;  nicotine  sulfate  2/3  pt ♦  +  bentonite 

1  lb.  +  mineral  (summer)  oil  2  qts.  in  5th,  6th,  and  7th  covers, 
nicotine  sulfate  2/3  pt.  •+  mineral  (summer)  oil  2  qts.  in  8th 
cover, 

A  s-ummary  of  the  results  effected  by  the  two  treatments  is  given  in 
table  2  v/hich  follo\7s.    These  results  are  based  on  all  drop  and  harvested 
fruit  from  4  trees  in  each  replication  of  each  treatment,  half  of  which 
received  7  and  half  8  cover  sprays. 
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Ta^ble  2.    Results  of  large  plot  field  spray  experiment  for  codling  moth  control, 
St.  Joseph,  Ho.,  1940. 

rlumlDer  Apples  Percent       Total  per  100  apples 

Treatment  of  trees       per  tree  clean  ITorms  Stings 


Lead  arsenate 
i^icotine 

8 
8 

Variety  - 
2811 
1888 

T            J.  1 

Jonathan 
64.2 
58.2 

25.4 
41.9 

26.9 
12.5 

Lead  arsenate 
nicotine 

8 

8 

Variety  - 
3179 
2766 

Delicious 
84.7 
86.6 

5.6 
9.7 

14.0 
4,6 

Lead  arsenate 
Ki CO tine 

16 
16 

Variety  • 

4004 

3608 

-  TTinesap 
87.2 
86.1 

3.7 
8.0 

11.4 
6.8 

Lead  arsenate 
IMicotine 

32 
32 

VDTiety  - 
3500 
2957 

All  comlDined 
80.8 
79.3 

9.6 
16.9 

15.9 
7.7 

*  -  By  analj'-sis  of  variance,  the  difference  in  total  rzorms  per  100  apples 
"between  the  two  treatments  (all  varieties  combined)  Tzas  significant, 
indicating  the  superiority  of  the  lead  arsenate  treatment  to  the  nicotine 
one . 

The  value  of  the  extra  cover  spray  applied  to  half  of  the  large  lead 
arsenate  -  nicotine  "block  September  6  "^as  determined  "by  comparison  of  the  de- 
gree of  control  found  to  o"btain  in  the  fruit  harvested  from  the  7-  as  compared 
to  that  from  the  8-cover  spray  area.    The  results  are  summarized  in  table  3 
"Which  follows. 
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Table  3.     Control  of  codling  moth  v/ith  seven  versus  eight  cover  sprays  in  larg 


■v-^^  +■ 

plot 

field  spray  "block. 

ot;  .  0  osepn. 

IIo. ,  '1940. 

^  J  \M.ii  L/     X  \JX 

ixiuiaDer 

Total 

xouai  per 

luu  appi 

Treatment 

covers 

Variety 

of  trees 

apples 

clean 

'-"orms 

Stings 

Lead  arsenate 

7 

J  onathan 

4 

13,070 

71.4 

14.4 

28.2 

.11  11 

8 

II 

4 

6,003 

65.7 

21.0 

29*8 

Nicotine 

7 

4 

4,958 

61.8 

38.7 

12.2 

8 

II 

4 

6 , 35  5 

67.5 

28.9 

13.3 

Lead  arsenate 

7 

Delicious 

4 

11,846 

86.5 

3.9 

12.7 

It  II 

8 

II 

4 

9,992 

85.1 

3.6 

17.4 

Nicotine 

7 

11 

4 

8,369 

86.5 

8.3 

5.6 

ij 

8 

11 

4 

10,385 

92.9 

4.0 

3.7 

Lead  arsenate  7  '"inesap           7  26,2rj0  89.9  2»4  9.1 

'  "          "  8  •        "                 9  35,301  87.0  2.6  13,1 

Nicotine  7  .       "                9  29,428  88.3     .    6.1  .6.4 

"  8  "                 7  25,462  88.2  5.1  7.2 

Lead  arsenate  7  All  var.        15  51,136  84.4  5.8  14.8 

"          "  8  "        "          17  51,29  6  84.1  4.9  15.9 

Nicotine  7  ii        11          17  42,755  84.3  10.3  6.9 

"  8  11        It         15  42,203  86.2  ~       8.4  7.2 


Spray  deposits 


Analyses  of  the  spray  deposits  on  stratified  samples  of  fruit  taken 
from  the  several  plats  in  "both  the  small  and  large  plot  field  spray  "blocks 
after  each  cover  sprajT"  and  at  harvest  "beginning  with  after  the  first  cover 
spray  were  made  "by  Mr.  Jack  Fahey  of  the  Division  of  Insecticide  Investiga- 
tions, Vincennes,  Ind.  la'boratory.     In  general,  there  was  a  greater  difference 
in  the  degree  of  control  effected  by  the  several  treatments  than  the  differ- 
ences in  the  size  of  the  deposits  tho.t  were  "built  and  maintained  would  have 
indicated. 


Injury  to  fruit  and  foliage 


Lead  arsenate  as  used  with  hydrated  lime  or  Bordeaux  mixture  caused 
no  injury  worth  noting  to  fruit  or  foliage  in  either  the  small  or  large  plot 
field  spray  "blocks,  although  a  small  num"ber  of  yellow  leaves  did  appear  on 
Jonathan  trees  sprayed  v;ith  this  material.     In  some  grower  sprayed  orchards, 
however,  heavy  lead  arsenate  programs  used  without  a  safener,  such  as  liydrated 
lime,  zinc  sulfate,  or  Bordeaux  mixture,  caused  moderate  to  severe  injury  to 
foliage  and  some  injury  to  fruit. 


-88- 


l^-one  of  the  nicotine  coraTDinatibns  caused  any  visilDle  injury  to  fruit 
of  the  Jonathan  variety  in  either  "block  "but  the  nicotine  program  used  in  the 
large  plot  experimental  iDlock  affected  the  color  and  finish  of  fruit  of  the 
Delicious  and  Vinesap  varieties  adversely.    This  injury  was  no  greater  v/here 
eight  than  where  seven  cover  sprays  Trere  applied  "cut  was  greater  on  the  south 
and  southwest  than  on  other  sides  of  the  trees.    The  inj-ory  appeared  due 
largely  to  the  fact  that  too  much  mineral  oil  was  used  in  the  spray  program 
and  partly  to  the  fact  that  comparatively  warm,  dry  weather  prevailed  during 
most  of  the  period  when  those  varieties  wore  maturing, 

All  of  the  nicotine  comlDinations  caused  light  to  nodoratc  injury'-,  to 
.foliage  of  the  Jonathan  variety  jUt  the  nicotine  program  used  in  the  large  , 
plot  experimental  "block  did  not  injure  foliage  of  the  Del  '-cious  or  VJinesap 
varieties.    The  injury  appeared  in  the  form  of  yellow  leaves,  was  light  to 
moderate  in  amount,  and  not  serious  in  any  instance.    This  injury  was  first 
QlDsorved  in  any  amount  iDOtween  the  time  of  application  of  the  .5th  and  6th 
cover  sprays,  large  as  well  as  small  loaves  were  affected,  and  it  was  greater 
in  amo''jJit  in  those  plats  in  which  mineral  oil  was  used  for  the  first  time  in 
the  5th  cover  spraj?-  than  in  plat  4,  in  which  soybean  oil  was  still  used. 
All  evidence  indicated  that  the  injury  was  duo  largely  to  the  oil.  Later, 
ahout  the  time  of  the  last  spray  application  on  August  19,  yellow  leaves 
appeared  again  in  moderate  nurators  on  trees  in  plats  4  and  8  and  in  small  or 
very  .small  numbers  in  other  nicotine  plats.    This  time  the  injury  was  con- 
fined to  the  smaller  leaves. 

J'ruit  and  foliage  on  trees  sprayed  with  xanthone  developed  an  un- 
natural green  color  which  was  less  intense  than  "but  characteristic  of  that 
which  has  occurred  on  fruit  and  foliage  spra^/ed  with  phenothiazine  in  other 
years.    Xanthone  also  russeted  fruit  to  a  moderate  degree ,  especially  ahout 
the  calyx  end,  "but  caused  no  visi"ble  in.jmry  of  importance  to  foliage. 
However,  a  small  num"ber  of  leaves  on  trees  sprajred  with  xanthone  developed 
small  spots  resem"bling  copper  injury  along  the  mid  ri"b. 

Size  of  fruit,  measured  "by  the  num"ber  of  apples  per  "bushel,  did  not 
appear  to  "be  affected  "by  any  of  the  spray  treatments  used. 

Harvest  residues 

Analyses  made  "by  Mr.  Fahey  of  the  Vincennes,  Ind.  la"boratory  indic- 
ated that  lead  arsenate  residues  were  removed  to  well  "below  present  tolerances 
for  lead  and  arsenic  on  samples  from  all  lead  arsenate  plats  when  they  vrere 
washed  in  an  unheated  acid  wash  solution  in  an  efficient  flood- type  washer. 
-4.t  the  same  time,  additional  analyses  showed  that  lead  residues  exceeded  the 
present  tolerance  of  0,05  grains  of  lead  per  pound  of  fruit  "by  from  two  to 
nearly  three  times  on  samples  wiped  in  a  modern  "brush  wiper.     It  is  evident 
that  the  increase  in  the  tolerances  for  lead  and  arsenic  has  not  eliminated 
the  necessity  for  washing  when  the  spray  progTam  involves  the  use  of  lead 
arsenate  throughout  the  season  "but  it  has  made  it  easier  to  meet  them  ^oy  wash- 
ing.   The  margin  "between  the  tolerance  for  lead  and  the  lead  residue  that 
remained  on  o'or  samples  after  washing  indicates  that  moderately  heavier  pro- 
grams of  lead  arsenate  than  those  tested  can  "be  used  without  making  it  unduly 
difficult  to  meet  that  tolerance  "by  v/ashing  in  an  unheated  acid  wash  solution. 


■Since  theria  is  no  tolerance  for'  nicotine;  nicotine  residues  are  im- 
portant onl7  to  the  extent  that  they  affect  the.  appearance  -of  the  fruit  vhen 
it  is  marketed.    The  harvest  residue  v;as  hbav^''  and  x?n sightly -  on  fruit  from 
plat  4  and  v/as  much  lighter  hut  plainly  -visible,-  about  equal  in  amount^  and  not 
seriously  objectionable  on  fruit  from  all  other  nicotine  plats.  Kov/eyer, 
there  v/as  enough  visible  residue  on  fruit  from  all  nicotine  plats  to  require 
wiping.    Dry  brush  wiping  did  not  "reraove  the  .residue  from  the  stem  end  of  the 
fruit  satisfactorily  in  any  instance  and 'did  not  remove  it  as  well  from  samples 
from  pl8.t  4  as  from  samples  from  oth6r  nicotine  plats.    In  all  cases,  however, 
sufficient  residue  remained  on  the  fruit  after  dry  brush  ^viping  to  affect  its 
appearance.    In  most  cases,  the  residue' that  remained  was  in  the  form  of  what 
might  be  described  as  a  "bentonite  bloom"  which  might  be  overlooked  by  an 
ordinary,  but  not  by  a  discriminating,  buyer.    The  "bentcnite  bloom"  was  still 
evident  but  much' less  noticeable  and  did  not  detract  appreciallly  from  the 
appearance  of  ^7iped  Jonathan  and  Delicious  apples  after  they  had  been  held  in 
cold  storage  for  two  months.    The  residue  on  a  sample  of  unwiped  Jonathans  from 
plat  5  of  the  small' plot  field  spray  block  v;as  still  plainly  visible  after  the 
fruit  had  been  in  cold  storage  for  t\7o  months. 

Control  of  codling  moth  by  destruction  of  crop 

The  ov/ner  of  a  large,  isolated,  bottom~land  orchard  near  Fortescue, 
Mo.  destroyed  his  prospective  1939  crop  almost  completely  on  all  but  a  small 
portion  of  his  acreage  b:/  application  of  a  bloom-killing  spray.    The  primary 
purpose  of  this  crop  destruction  was  to  starve  out  the  codling  moth  and  thereby 
reduce  the  population  in  the  orchard  to  a  low  level.    Despite  the  application 
of  ^7hat  should  have  been  a  satisfactory  and  effective  lead  arsenate  spray  pro- 
gram in  1938,  the  grower  stated  his  1938  crop  v;as  so  wormy  his  best  grade  of 
packed  fruit  contained  ^vormy  apples.    A  few  apples  set  on  the  trees  in  the  . 
area  in  v/hich  the  1939  bloom  was  destroyed  but  practically  all  became  vrormy 
and  dropped  from  the  trees  by  the  middle  of  the  summer.    An  excellent  crop 
set  on  the  trees  in  the  small  area  in  v/hich  the  1939  bloom  was  not  destroyed. 
It  v/as  not  sprayed  during  1939  and  became  very  v/ormy. 

The  entire  orchard  set  and  produced  an  excellent  crop  this  year.  It 
was  well  sprayed  v/ith  lead  arsenate  throughout  the  season  ^vith  one  more  cover 
spray  being  applied  in  the  1939  crop  than  in  the  1939  no-crop  area.    At  the 
end  of  the  period  of  first-brood  activity  stratified  samples  of  fruit  on  trees 
in  the  1939  no-crop  area  v/ere  only  0,4  percent  wormy  while  in  the  1939  crop 
area  they  were  4,6  percent  wormy.    At  the  same  time,  the  trees  in  the  1939 
no-crop  area  had  an  average  of  only  1.6  wormy  apples  each  on  the  ground  while 
those  in  the  1939  crop  area  had  40.9  wormy  apples  each. 

Control  at  the  end  of  the  season  is  given  in  table:  4  and  indicates 
that  this  grower's  experiment  was  a  decided  success The  data  given  in  table  4 
were  obtained  by  the  examination  of  stratified  samples  of;  fruit  just  before 
harvest  on  5  trees  in  each  area.    Drop  fruit  had  not  been  removed  from  the 
orchard  and  was  examined  at  the  same  time.  . 
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Ta'ble  4. 

Control  of  codlin 
prospective  crop» 

g  moth  follovring  destruction  of 
Portescue,  Mo. ,  1940. 

previous 

season' s 

ApTDles  on  trees 

Apples 

on  ground 

.Treatment 
■  .in  1939 

Distance  ■fi'om 
1939  crop  area 

Percent  Total  per  100  apples 
clean        Worms  Stings 

i\fo*  wormy 
per  tree 

No  ,v:orms 
per  tree 

Crop 
1^0  crop 
No  crop 

1  to  4  rows 
'  9.-  to  15  ror7S 

^    47.5           40.5..  59.9 

84.8  8.0  14.3 

93.9  2.6    V       ..  ,5.7 

:,  '  348.0 
95.6 
.  19.0 

586.8 
116.8 
..  20.6 

Miscellaneous  Studies 

Tests  of 

the  ability  of  nicotine  to. kill  liberated,  marked  moths 

A  limited-  series  of  tests  of  the  ability  of  1  pint  of  nicotine  sulfate 
(40:^  nicotine)  per  100  gallons  of  les.d  arsenate  plus  fungicide  or  hydrated  lime 
to  kill  liberated,  marked  moths  '"as  made.    In  tests  conducted  by  Mr.  Butler  in 
late  May  and  early  Jrjie  recoveries  of  liberated,  marked  larvae  ranged  from  12,5 
percent  on  large  27-y9ar  old  trees  when  it  was  quite  windy  to  35.0  percent 
when  there  was  no  wind.     In  these  tests  one  man  used  a  broom- type  of  gun  from 
a  tower  and  one  man  used  a  similar  gun  from  the  ground.    Additional  tests  were 
made  during  the  latter  part  of  ^'i.ug"ast  with  the  following  results  as  indicated 
in  table  5.. 


Table  5.  -.Recovery  of  liberated,  marked  moths  using  nicotine  sulfate  (40/^  nico 
tine)  1  pint  per  100  gallons  of  lead  arsenate-liydrated  lime  spray, 
St.  Joseph,  Mo .,  1940 


Date 

TemiD. 

'7ind  Trees 

Moths 
liber  8.ted* 

Method  of 
spraying"^* 

Moths  re 
Native 

covered***  • 
Liberated 

OF. 

Estimated  Number 

Number 

Number 

Number  Percent 

8/22 

76-80 

Little  2 

30 

1 

16 

12 

40.00 

11 

It 

II  o 

34 

2 

31 

15 

44.12 

8/30 

74-82  . 

Strong  4 

76 

1 

32 

22 

^.8.95 

n 

74.78 

.    "  2 

39 

12 

9 

23.08 

11 

78-83 

"  2 

38 

3 

25 

14 

,  36.84 

•Moths  that  were  inactive 
and  not  included  in  this 

or  injm'ed  at  time  of  liberation  7/ere 
figure.    Liberated  moths  observed  to 

destroyed 
fly  from 

the  trees  before  coming  to  rest  were,  also,  not  included  in  this  figure. 
**  -  ,(l)  'Two  men  per  tree  spraying  from  ground  with  single-nozzle  guns;  top  and 
outside  of  tree  sprayed  first  with  men  on  opposite  sides  of  tree. 
(2)  Same  as  (l)  except  1  man  in  tov/er  and  1  man  on  ground, 
■ (3)  One  man  per  tree  on  ground  with  single-nozzle  gun;  center  of  tree 
sprayed  first,  then  outside. 
***  -  Canvas  on  which  moths  collected  spread  to  cover  half  of  ground  area  be- 
neath trees. 


'Then  it  is  considered  that  the  canvas  sheets  on  which  the  moths  were 
collected  covered  only  half  of  the  ground  area  "beneath  the  experimental  trees 
it  can  "be  concluded  that  well  over  "hs.lf  of  the  liberated  moths  viere  killed  by 
the  spray  applied.    Very  few  of  the  captured  noths  affected  a  complete  recovery. 
The  'limited  data  in  the  above  table  indicate  that  nicotine  is  able  to  kill  a 
sizable  portion  of  a  moth  population,  that  it  is  more  effective  when  there  is 
little  or  no  wind  than  when  there  is  more,  and  that  the  manner  of  application 
may  not  be  'especially  important  so  long  as  it  is  thorough. 

Survival  of  mature  codling  moth  larvae  and  effect  of  scraping  and  banding  on 
same 


The  studies  of  the  proportion  of  the  mature  larvae  that  survive  after 
leaving  the  fruit,  reported  on  previously,  were  continued  during  1940.  In 
corroboration  of  the  resuJ-ts  as  reported  in  previous  years,  it  was  found  (l) 
mortality  of  the  codling  moth  is  heavy  between  the  time  that  it  exits  from 
the  fruit  as  a  mature  larva  and  emerges  as  a  moth,  (2)  scraping  of  t3;ees  re- 
duced the  percent  of  transforming  larvae  that  developed  into  moths  by  25.4 
percent  and  the  percent  of  non-trajisforming  larvae  that  entered  hibernation 
successfully  by  53.9  percent,  and  ^3)  banding  of  scraped  trees  reduced  the  per- 
cent of  transforming  larvae  that  developed  into  moths  by  46.1  percent  and  the 
percent  of  non- transforming  larvae  that  entered  hibernation  successfully  by 
72.7  percent. 

The  relation  between  bait-trap  catches  and  codling  moth  emergence  and  egg  laying 

study  of  the  relation  betv/een  bait-trap  catches  and  codling  moth 
emergence  and  egg  laying  was  started  in  1939  and  continued,  during  1940.  As 
in  1939,  there  was  a  close  correlation  between  the  time  that  moth's  emerged  and 
the  time  that  eggs  v/ere  deposited  and  betv/een  the  number  of  raoths  that  emerged 
and  the  number  of  eggs  deposited  except  during  the  first  half  of  August  when 
egg  laying  was  undoubtedly  curtailed  owing  to  the  unfavorable  weather  for  moth 
activity  that  prevailed  during  that  period. 

Bait  traps  began  to  catch  moths  as  soon  as  they  began  to  emerge  in 
the  spring  and  continued  to  catch  them  to  the  end  of  the  season.     Since  moths 
were  emerging  in  some  numbers  at  nearly  all  times  the  data  she;/  that  bait  traps 
indicate  v/hen  moths  are  present.    Fluctuations  in  moth  emergence  were  reflected 
in  fluctuations  in  bait-trap  catches,  and  peak  catches  coincided  with  or  follow- 
ed shortly  after  periods  of  peak  emergence.    However,  since  many  raoths  live 
normally  for  2  weeks  or  longer,  one  would  expect  bait-trap  catches  to  hold  to 
a.  high  level  for  some  time  after  periods  of  peak  emergence.    Th:i  s  was  not  the 
case  and  suggests  the  possibility  that  the  baits  in  use  may  be  more  attractive 
to  nev/ly  emerged  than  to  older  moths  or  that,  in  general,  newly  emerged  moths  I 
may  be  more  responsive  to  baits  of  any  kind  than  older  ones.    Although  fluctu- 
ations in  moth  emergence  v/ere  followed  by  fluctuations  in  ba.it-trap  catches 
the  ratio  of  bait-trap  catches  to  moth  emergence;. varied  v/idely  during  the 
season.    In  other  v/ords,  there  was  no  consistent  relationship  between  the  number 
of  moths  cau^t  in  bait  traps  and  the  number  of  moths  emerging.    The  peak  catch 
of  spring-brood  moths  was  approximately  as  high  as  that  of  other  broods  despite 
the  fact  that  moths  emerged  in  much  grea.ter  numbers  during  July  and  August 
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than  during  Hay  and  Jime.    The  data  indicate,  therefore,  that  "bait  traps 
shoY/  v/hen  moths  are  present  and  v;hen  thoir  increase  and  decrease  in  moialDer, 
"but  they  do  not  indicate  accurately  v/hat  number  ma:/  "be  present . 

Bait-trap  catches  indicated  the  "beginning  and  peak  of  egg  laying  hy 
spring-brood  moths  accurately.    Thsy  were  not  so  reliable  in  indicating  the 
beginning  and  peak  of  egg  laying  by  moths  of  the  later  broods  but  the  discrep- 
ancy was  not  great  and  spraj*  applications  timed  by  the  catches  uero  completed 
before  the  eggs  began  to  hatch  where  only  a  limited  time  was  needed  to  make 
the  applications.    Bait-trap  catches  failed  utterly  to  indicate  the  heavy  de- 
position of  eggs  that  occurred  during  the  latter  part  of  August.    Also,  bait- 
trap  catches  decreased  at  a  more  rapid  rate  than  egg  laying  following  periods 
of  pealt  activity.    This  is  perhaps  a  further  indication  that  older  moths  may 
not  be  attracted  to  bait  traps  as  readily  as  j'-ounger  ones,  even  though  they 
may  continue  to  deposit  eggs.    The  size  of  the  bait- trap  catches  failed  to 
indicate  the  number  of  eggs  that  were  deposited  to  about  the  same  extent  that 
they  failed  to  indicate  the  comparative  size  of  the  moth  population  present. 
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